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Figure 4
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Figure 5
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SEQ lds and alignments of the employed DNA sequences

SEQ-ID of the specified constructs:

SEQ-ID1: TDsyngag:

1 CAATTCGCCG CCAGCATCCEG CGCCAGGGCC AGCGTGCTGR GCGGCGBCGA GUTGGALAGG
61 TGGGAGAAGA TCACGCTGAG GCCCGGCGGC AAGAAGAAGT ATAAGCTGAA GCACATCGOTG
121 TGGGCCAGCR GGGAGCTGEA GAGSTTCGCC GTGAACCCCG GCCTGCTGGA GACCAGCGAL
181 GCOTGCAGGC AGATCCTGGG CCAGCTGCAG CCCAGCCTGC AGACCGGCAG CGAGGEAGCTG
241 AGGAGCCTGT ACRACACCGT GGCCACCCTIG TACTGCGTGC ACCAGAGGAT CGAGATCAARG
301 GACACCARGE AGGCCCTGTT CAGCCCCGAG GTGATCCCCA TGTTCAGCGC CCTGAGCGAG
361 CGAGCCACCC CCCAGGACCT GAACACCATE CTGRAACACCG TGGGLGGLCA CCAGGCCGCC
421 ATGCAGATGC TGAAGGACGAC CATCAACGAG GAGGCCOGCCG AGTGGGACAG GETGCACCCC
281 GTGCACGCCG GCCCCATCGC CCCCGGCCAG ATGAGGGAGC. CCCGLGGCAG CGEACATLGCC |
sai GCEOACCACCA GCACCCTGCA GGAGCAGATC GGCTGGATGA CCAACAACCC CCCCATCCCC
6021 GTGGGCGAAA TCTACARGAG GTSGATCATC CTGGGCCTGA ACAAGATCGT GAGGATGTAC
661 . AGCCCCACCA GCATCCTGGA TATCAGGCAG GGCCCCAAAG AGCCCTTCAG GGACTACGTG
721 GACAGGTTCT ACABGACCCT GUGCGCCGAG CAGGCCAGCC AGGAGGTGAA GAACTGGATG
781 ACCGAGACCC TGCTGETGCA GAACGCCAAC CCCGACTGCA AGACCATCCT GAAGGCCCTG
841 GEACCCGOCE CCACCCOTGGA GGAGRATGATG ACCGCCTGCC AGGGCATGEGE CGGCCCCGET
901 CACAAGGCCA GGGTGCTEGC CSAGGCCATG AGCCAGGTGA CCAACACCGC CACCATCATG
361 ATCCACAGGE GCAACTTCAG GAACCAGAGG AAGRATGGTGA AGTOCTTCAA CTGCGGCAAG
1021 GAGGGCCACA CCGCCAGGAR CTGCCGCGCC CCCAGGAAGA AGGGCTGCTG GAAGTGCGGC
1081 ARCCAGGGCC ACCAGATGAR GGACTGCACC GAGAGGCAGE CCAACTAATA GTCCCGACTC
1141 GAG

SEQ ID3: TDwtgag (coding region):

1 ATGGETGCGA GAGCGTCAGT ATTAAGCGGG GGAGAATTAG ATCGATGGGA ARAAAATTCGG
61 TTAAGGCCAG GGGGAAAGAA AAAATATAAA TTAAAACATA TAGTATGGGC ARGCAGGGARAG
121 CTAGRACGAT TCGCAGTTAA TCCTGGCCTG TTAGAAACAT CAGAAGGCTG TAGACARATA
181 CTCGGACAGC TACRACCATC CCTTCAGACA GGATCAGAAG AACTTAGATC ATTATATAAT
241 ACAGTAGCAA CCCTCIATTG TGTGCATCAA AGGATAGAGA TAAAAGACAC CAARGGRAGCT
301 TTATTCAGCC CAGAAGTAAT ACCCATGTIT TCAGCATTAT CRGAAGGAGC CACCCCACAA
361 CATTTAAACA CCATGCTAAA CACAGTGEGG GGACATCAAG CAGCCATGCA AATGTTAARA
421 GAGACCATCA ATGAGGAAGC TGCAGAATGG GATAGAGTAC ATCCAGTGCA TGCAGGGCCT
481 ATTCCACCAG GCCAGATGAG AGRACCAAGE CGGAAGTGACA TAGCAGGARC TACTRGTACC
541 CTTCAGGARC AAATAGGATG GATGACAAAT AATCCACCTA TCCCAGTAGG AGRRATTTAT
601 AARRGATGGA TAATCCTGSGG ATTARATAAA ATAGTAAGAA TGTATAGCCC TACCAGCATT
661 CTGGACATAR GACAAGGACC AARAGAACCT TTTAGAGACT ATGTAGACCG GTTCTATAAA
721 ACTCTRAGAG CCGAGCAAGC TTCACAGGAG GTAAARRATT GGATGACAGA ARCCTTGTTG
761 GTCCAAAATG CGAACCCAGA TTGTAAGACT ATTTTARAAG CATTGGGACC AGCGGCTACA
841 CTAGAAGARA TGATGACAGC ATGTCAGGGA GTAGGAGGAC CCGGCCATAA GGCAAGACTT
ap1 TTCGCTGRAS CAATGAGCCA AGTAACAAAT ACAGCTACCA TAATGATGCA GAGAGGCAAT
961 TTTAGGARCC AAAGAAAGAT GGTTAAGTGT TTCAATTGTG GCAARGAAGG GCACACAGCC
1021 RAGARATTGCA GGGCCCCTAG GAAANAGGGC TGTTGGAAAT GTGGAAAGGA AGGACARCCAA
1081  ATCAAAGATT GCTACTGAGAG ACAGGCTART TAR

Alignment TDwtgag:TDsyngag (coding region)

TDwtgag:TDsyngag identitys= 72.78%(B21/1128) Qap=0.00%(0/1128)

ATGGGTGCGP.LGAGCGTCAGTR’ITRAGCGGGGGAGMTTP_GATCGATGGGAAMARTTCGG

I IBERINERIRIEREIR R RN
ATGGGCGCCAGGECCAGCETGCTEAGCGGCGECGAGCTGRACAGGTGGGAGAACATCAGE

1

4

{n
|1

TTLAGGCCAGCGICALACARANAATATARR TTARANCA TR TACTATGGCCRAGCAG
BEREEN NI RN RR RS IR RN

NI IR I

FIG. 6
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CTCAGGCCCGECGCCAAGAAGARGTATAAGCT GRAAGCACATCGTCTGGGCCAGCRGEGAG

CTAGRACGATTCGCAGTTAATCCTEG ccrsﬂhemmcamsccmmeac?m'm
R

TRIEEEIIR RIS

CTGGAGAGGETTCCGCCGTGARCC CCGGCCTGC'TGGRGACCAGCGAGGGCTGCAGGCRGATC

TRy A

CTGGEGCCAGCTGCAGCCCAGC CTGCAGACCEBECAGCGAGGAGCTGAGGAGCCTGET ACRAC

ACAGTAGCAACCCTCTATTGTCTGCAT CAAAGGATAGAGATAAAAGACACCAAGGAAGLT

TR IR IR IR R LT R AR RN v s iy

ACCGTGGCCACCCTETACTGCETGCAC CAGAGGATOGAGATCAAGGACACCAAGGAGECC

TTATTCAGCCCAGAAGTAAT ACCCATGTTTTCAGCATTATCAGAAGGAGCCAC CCCACAR

EIHNERINI I 1N RERERRRERNNEEINL

CTCTTCAGCCCCGAGGTGATCCCCATGTTCACCE CCCTGAGCGAGGGAGCCACCCCCCAG

GATTTAAACACCATGCTARACACAGTGGCEGGA CATCARGCAGCCATGCAAATGTTARAA

TN IR Sy e

GACCTGAACACCATG CI‘GRRCACCGTGGGCGGCCACCAGGCCGCCAWTGC TGAAG

GAGACCATCAATGAGGAAGCTECAGAATCGGATAGAL TACATCCAGTGCATGCAGGGCCT

CEVEETTEIES TVRIY o v o pe e b e et 4 ||

GAGAC CATCAACGAGGAGGCCGCCGAGTGGGACRGGGTGCACCCCGTGCHCGC CGGCCCC

ATTCCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACC

YIRS BN IR s

A‘I‘CGCCCCCGGCCHGATGAGGGAGCCCCGCGGCAGCGACATCGCCGG CACCACCAGCACC

CTTCAGGAACARATAGCATGGATGACAAATARTCCAC CTATCCCAGTAGGAGARATTITAT

TR IR I I R SRR A R R a A A

CTGCAGGAGCAGATCGGCTGGATGACCAACAACCLC CCCATCCCCGTGGGCGARATCTAL

AAAAGATGGATAATC CTCCOATTAAATAAAATAGTAAGAATGTATAGCCCTACCAG CATT

TR R I R N I A R AR O RN nn ey

ARGRGGTGGATCATCCTGEGECCTGAACARGATCG TGACGATGTACAGCCCCACCAGCATC

CTGGACATAAGACAAGGACCAAAAGAACCTTTTAGAGACT ATGTAGACCGGTTCTATAAA

CUCEE GF (0 00 v et e e te i

CTGGATATCAGCCAGOSGCCCCARCAGCCCTTCAGGGACTA CGTGGACAGGTTCTACAAG

ACTCTAAGAGCCCGAGCAAGCTTCACAGGAGG TAAAAAATTCCATCACAGARACCTIGTTG

P TH L RIS I

ACCCTGCGCECCCAGCAGGRCCAGCCAGGAGETGARAGAAL TGGATGACCGAGACCCTGCTG

GTCCRARATGCGAACCCAGATTGTAAGACT ATTTTAARAGCATTGGGACCAGCGGCTACA

IR IR IR IR I I R A L L RS

GTGCAGAACGCCAACCCCGACTGCRAGAC CATCCTGAAGGCCCTGCGACCCGCCGCCALC

CTAGAAGAMTGATGACAGCATGTCAGGGAGTAGGAGGRCCCGGCCRTAAGGCAAGAG TT

TR R AR I LR SR N RN Ry

CTGGAGGAGATGATGACCGCCTGC CAGGGCETEEGECEGCCCCGGCCACAAGGCCAGEETE

TTGGCTGAAG CAATGAGCCARGTAACARARTACAGCTACCATAATGATGCAG AGAGGCAAT

COLE tE o brireerr v e by vl PR |

CTGGCCGAGGCCATGAGCCAGGTCGACCAACACCGCCAC CATCATGATGCAGAGGGECARC

TTTAGGARACCARAGARAGATGCGTTARGTCTTITCRATTGT GGCAARGRAGGSTACRCAGCL

TR I R L T RN A

[ £

PP OARCANCCAGARGSARGATSETCALRCTEUTTCRACTEC SoCELGEAGEECIACRACCECT

FIG. 6 CONT.
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1021 AGAAATTGCAGGGCCCCTAGGAARRAAGGGCTGTTGGARAAATGTGGARAGGAAGGACACCAA

CE L e el v e reeee ee e TEee T

1021 AGGAACTCCCGCGCCCCCAGGAAGAAGGGECTGCTCGAAGTGCGGCAAGGAGCCGECCACCAG

1081 ATGAAAGATTGCTACTGAGAGACAGGCTAATTAA

EErE e et b b b b

1081 ATGAAGGACTGCACCGAGAGGCAGGCCAACTAA

FIG. 6 CONT.
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GGCGAGETEG ACAGGTGGGA GAAGATCAGG
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1 ATGGGCGCCA GGGCCAGCGT GCTGAGCGGC

61 CTGAGGCCCG GCOGCAAGAA GAAGTATAAG CTGAAGCACA TCGTIGTGGGC CAGCAGGGAG
121 CTGGAGAGGT TCGCCGTGAA CCCCGGCCTE CTGGAGACCA GCGAGGGCTG CAGGCAGATC
181 CTGGGCCAGC TGCAGCCCAG CCTGCAGACC GGCAGCGAGG AGCTGAGGAG CCTGTACAAC
241 ACCGTGGCCA CCCTGTACTG CGTGCACCAG AGGATCGAGA TCAAGGACAC CAAGGAGGCC
301 CTECTTCAGCC CCGAGGTGAT CCCCATGTTC AGCGCCCTGA GCGAGGGAGC CACCCCCCAG
361 GACCTGAARCA CCATGCTGAA CACCGTGGGC GGCCACCAGG CCGCCATGCA GATGCTGAAG
421 GAGACCATCA ACGAGGAGGC CGCCGAGTGG GACAGSGTGC ACCCCGTGCA CGCCGGLCCC
481 ATCGCCCCCG GCCAGATGAG GGAGTACAAG ACCCTGCGCG CCGAGCAGGC CAGCCAGGAG
541 GTGAAGAACT GGATGACCGA GACCCTGCTG GTGCAGAACG CCAACCCCGA CTGCAAGACC
601 ATCCTGAAGG CCCTGGGACC CGCCGCCACC CTGGAGGAGA TGATGACCGC CTGCCAGGGE
661 GTGGBCGGCC CUGGCCACAA GGCCAGGGTG CTGGCCGAGS CCATGAGCCA GGTGACCAAC
721 ACCGCCACCA TCATGATGCA GAGGGGCAAC TTCAGGAACC AGAGGAAGAT GGTGAAGTGC
781 TTCAACTGCG GCAAGGAGGE CCACACCGCC AGGAACTGCC GCGCCCCCAG GAAGAAGGGEC
B41 TGCTGGAAGT GCGBGCAAGGA GGGCCACCAG ATGAAGGACT GCACCGAGAG GCAGGCCAAC
SEQ-ID 18: TDsyngag delta 2 delta p7:

1. ATGGGCGCCA GGGCCAGCGET GCTGAGCGGC GGCGAGCTGG ACAGGTGGGA GAAGATCAGS
Bl CTGAGGCCCG GCGGCAAGAA GAAGTATAAG CTGAAGCACA TCGTGTGGGC CAGCAGGGAS
121 CTGGAGAGGT TCGCCGTGAR CCCCEGCCTG CTGGAGACCA GCGAGGGCTE CAGGCAGATC
181 CTGGGCCAGC TGCAGCCCAG CCTGCAGACC GGCAGCGAGG AGCTGAGGAG CCTGTACAAC
241 ACCGTGGCCA CCCTGTACTG CGTGCACCAG AGGATCGAGA TCAAGGACAC CAAGGAGGCC
301  CTGTTCAGCC CCGAGGTGAT CCCCATGTTC AGCGCCCTGA GCGAGGGAGC CACCCCCCAG
361 GACCTGAACA CCATGCTGAA CACCETGGGC GGCCACCAGG CCGCCATGCA GATGCTGAAG
421 GAGACCATCA ACGAGGAGGC CGCCGAGTGG GACAGGGTGC ACCCCGTGCA CGCEGGCCCC
481 ATCGCCCCCG GCCAGATGAG GGAGTACAAG ACCCTGCGCG CCGAGCAGGC CAGCCAGGASG
541 GTGAAGAACT GGATGACCGA GACCCTGCTG GTGCAGAACGE CCARACCCCGA CTGCAAGACC
601 ATCCTGAARGG CCCTGGGACC CBCCGCCACC CTGGAGGAGA TGATGACCGC CTGCCAGGGC
661 GTGGGCGGCC CCOGCCACAA GGCCAGGGIC CTGGCCCAGE CCATGAGCCA GGTGACCAAC
721  ACCGCCACCA TCATGATGCA GAGGGSCAAC TTCAGGAACC AGAGGAAGAT GGIGAAGTGC
781 TTCAACTGCG GCAAGGAGGG CCACACCGLC AGGAACTGCC GCGCCCCCAG GAAGAAGGGC
841 TGCTGGAAGT GCGGCAAGGA GGGCCACCAG ATGAAGGACT GCACCGAGAS GCAGGCCAAC



US 8,691,533 B2

1
INDUCIBLE GENE EXPRESSION

This 1s a §371 of PCT/EP2005/0084277 filed Aug. 3, 2005,
which claims priority from German Patent Application No.
10 2004 037 611.5 filed Aug. 3, 2004.

The present invention relates to a method for inducible
gene expression, in which a target nucleic acid sequence to be
expressed 1s modified at the nucleic acid level so that an
increase 1n the expression 1s achieved, and the nucleic acid
sequence modified 1n this way 1s expressed under the control
of an 1inducible transcription control sequence.

Many types of viruses are mvolved 1n an active export of
their incompletely spliced transcripts from the cell nucleus of
the infected host cell. This can take place either via the use of
a c1s-position RNA signal within the viral transcripts (consti-
tutive transport elements) or occurs with the help of viral
proteins.

Cis-active transport elements are used for example from
MPMV-CTE (Mason-Plizer Monkey Virus constitutive trans-
port element), SRV-CTE (Simian Retrovirus constitutive
transport element), Hepatitis B-Virus PRE (posttranscrip-
tional regulatory element) and HSV (Herpes Simplex Virus)
(within the TK (thymidine kinase) gene). These RNA ele-
ments recruit cellular factors and export pathways in order to
allow the nuclear export of the viral transcripts.

As an alternative, the nuclear export can also be mediated
via an export factor that binds specifically to a target sequence
within the viral transcripts and transports these 1n co-opera-
tion with cellular factors into the cytoplasm. Thus, for
example, Ad-5 (Adenovirus 3) transcripts are exported with
the aid of the 34K and E4ori6 proteins, EBV (Epstein-Barr
Virus) transcripts with the aid of the EB2 protein, Herpes
virus Saimiri transcripts with the aid of the ORF 57 gene
product, HSV transcripts with the aid of the ICP 27 protein,
HTLV-I and II (human T-cell Leukemia Virus I and II) tran-
scripts with the aid of the Rex proteins, EIAV (Equine Infec-
tious Anaemia Virus), SIV (Simian Immunodeficiency Virus)
and HIV-1 and HIV-2 (Human Immunodeficiency Virus 1 and
2) transcripts with the aid of the Rev proteins.

The HIV-1 Rev-mediated nuclear export of subsequent
HIV-1 transcripts has been investigated best. Like all Lentivi-
ruses, HIV-1 1s involved 1n activating several genes from only
one proviral matrix and expressing them in a time-specified
sequence. By alternative splicing events as well as further
regulation mechanisms occurring at the RNA level, different
genes are generated from only one ~9 kb long primary tran-
script. These viral transcripts may be subdivided into three
classes according to their size, namely ~9 kb unspliced (gag,
pol), ~4 kb singly spliced (env, vif, vpr, vpu) and ~2 kb
multiply spliced (rev, tat, nef) RNAs.

Apart from the occurrence of incompletely to multiply
spliced transcripts, a time sequence 1n the expression of these
different RNA species may also be observed. Thus, in the
carly phase of the replication 1n the cytoplasm of the infected
cells, only the multiply spliced ~2 kb RNAs and their gene
products Rev, Tat and Netf can be detected. Only after a time
delay are the unspliced (~9 kb) and singly spliced (~4 kb)
transcripts and their gene products Gag, Pol and Env then also
observed.

In cells that have been infected with virus mutants lacking
an active Rev protein, the singly spliced and unspliced tran-
scripts can be detected, but never in the cytoplasm. The
unpsliced and singly spliced transcripts then accumulate in
the nucleus and the subsequent structure proteins (Gag, Env)
and enzymes (Pol) translated from them cannot be formed.
The viral Rev protein 1s thus involved 1n an essential way 1n
the time-regulated expression of the viral genes.
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HIV-1 Rev, like the RNA transport molecules listed above,
are shuttle proteins which transport viral RNAs from the
nucleus to the cytoplasm via the interaction with an RNA
target sequence located within viral transcripts. Thus, HIV-1
Rev binds 1n the nucleus specifically to 1ts RNA target struc-
ture RRE, the “Rev-responsive-clement”. This 35 1nucleotide
(nt) long region 1s localised within the Env reading frame and
1s thus a constituent of all unspliced and singly spliced tran-
scripts. This ribonucleoprotein (RNP) complex 1s then
exported from the cell nucleus via interaction with cellular
tactors. For this purpose a C-terminally located leucine-rich
sequence 1s necessary, which as a nuclear export sequence
NES mediates the nuclear translocation of the Rev protein
using cellular mechanisms (Pollard et al., 1998).

The reason why the late transcripts 1n the absence of Rev
remain behind 1n the nucleus, which 1s a necessary precondi-
tion for the Rev dependence and thus the time-regulated
expression of gag, pol and env, 1s still disputed. In principle
there are two main alternative 1deas about nuclear retention of
late transcripts.

It 1s assumed that a cellular transcript can leave the cell
nucleus only once the splicing process has been completed,
and all active splicing sites have been removed from the
primary transcript. Late viral transcripts are intron-contain-
ing, only incompletely spliced pre-mRINAs, which are trans-
ported to the cytoplasm with the aid of Rev and RRE. For this
reason the influence of the cellular splicing machinery on the
nuclear retention of the late transcripts was investigated early
on (Mikaelian et al., 1996) (Kjems et al., 1991; Kjems et al.,
1993; Chang et al., 1989; Powell etal., 1997; Lu et al., 1990;
O’Reilly etal., 1993). Due to the presence of variously active
splicing sites, the splicing process i HIV-1 transcripts
appears to take place only sub-optimally. It has therefore been
suggested by several groups of researchers that Rev permits
the export of transcripts which can be retained within the
splicing machinery due to the formation of ineificient splicing
complexes.

On the other hand 1t has however been shown that the late
HIV-1 genes, such as for example env, remain repressed 1n
their expression also 1n the absence of active splicing sites,
and therefore the influence of the splicing machinery appears
to be more 1ndirect (Nasioulas et al., 1994). For this reason
so-called inhibitory sequences (INS) or cis-active repressor
clements (CRS) within the reading frame have been postu-
lated, which negatively influence the expression (Nasioulas et
al., 1994; Olsen et al., 1992; Schwartz et al., 1992b; Mal-
darelli etal., 1991). These repressor sequences located within
the coding mRNA do not however possess any common
sequence motif, such as for example the AUUUA instability
motif within the 3'-UTR of the unstable GM-CSF mRNA
(Chen et al., 1995), but are notable only for their always high
A/U content. Thus, the fusion of the postulated INS-contain-
ing fragments from reading frames of later genes (such as gag
and env) to a CAl-reporter system resulted mn a reduced
reporter activity (Cochrane et al., 1991; Rosen et al., 1988).
This reduction of the expression of gag and po1 could to some
extent be cancelled again by multiple quiet point mutations
within the “wobble” positions (Schwartz et al., 1992a,
Schneider et al., 1997). The unspliced and singly spliced
HIV-1 mRNAs thus appear to contain cis-active repressor
clements, which are removed either by multiple splicing or
are overcome by an Rev/RRE-mediated nuclear export.

An elegant method of circumventing the Rev dependence
of HIV transcripts has been developed by Schwartz and
Schneider, as already mentioned, in the form of a partial
change of the reading frame of HIV genes. A consequent
development of this concept led to the synthesis of a codon-
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optimised HIV-gag-pol gene using synthetic oligonucle-
otides (Wagner et al., 2000; Graf et al., 2000). This type of
matching of the G/C content and codon usage to that of
mammalian cells permitted a constitutive synthesis of the
(Gag-Pol polyprotein 1n mammalian cells 1n large amounts.
The basic mechamism of this decoupling of the protein syn-
thesis from the Rev dependence 1s an altered nuclear export of
the mRNA. Whereas the HIV wild-type RNA 1s involved in
an alternative export pathway characterised by the Crm1 pro-
tein, depending on the HIV shuttle protein Rev, the synthetic
mRINA on the regular nuclear export pathway for cellular
mRNASs 1s transported constitutively into the cytoplasm. This
constitutive expression of HIV proteins opens up new ways
for an HIV treatment at the genetic level.

The publication by Grat et al. (2000) does not .

however
disclose methods for a gene expression inducible with the aid
ol a transactive factor.

Just like the aforementioned publication by Graf et al., DE
1 053 781 Al too 1s concerned with the RNA export from the
cell nucleus 1nto the cytoplasm. This patent application thus
relates to making reporter genes dependent on Rev 1in order to
be able to control the expression of the reporter gene via the
nuclear export.

Since a Rev dependence and RRE dependence impose
certain restrictions on the development of HIV-based vectors,
Kotsopoulou et al. (2000) synthesised a codon-optimised
HIV-1-gag-pol gene. This gene was mtroduced mto a mam-
malian expression vector and investigated as regards the
dependence on Rev. The authors did not however use any
promoters inducible with the aid of transactive factors. A
method according to the mvention 1s accordingly not dis-
closed.

The expression of anti-HIV genes 1n cells can be efficiently
used for an intracellular inhibition of HIV replication (Bun-
nell et al., 1998). In the meantime a whole range of HIV gene
therapy strategies have been developed, ranging from anti-
sense constructs and RNA decoys via specific RNA-decom-
posing ribozymes and RNA interference to transdominant-
negative proteins derived from HIV. Apart from these
intracellular mhibitors, which interfere 1n a targeted manner
in steps 1n HIV replication, within the scope of a gene therapy
the re-infection of cells or the propagation of descendant
viruses can also be prevented. Various approaches are con-
cerned with the expression of secretable anti-HIV proteins,
immunostimulating or non-specific antiviral factors and, not
least, with the expression of cell-toxic factors following
infection (for overview see Mautino et al., 2002).

Apart from these rather non-specific inhibitory strategies,
virus multiplication can take place by preventing virus release
in a very speciiic manner, using HIV-own protein derivatives.
Deletions in Gag mediate a transdominant-negative (TDN)
elfect to the new formation and release of descendant viruses
(von Poblotzki et al., Trono et al., 1989; Smythe et al., 1994
Furuta et al., 1997). These deletions are m p17MA, 1n the
transition region of pl7MA/p24CA and in the C-terminal
domain of p24CA. The exact action mechanism of the trans-
dominant-negative effect has not been clarified. Some clues
point however to an influence of the reduced cyclophilin A
binding capacity of the mutated p24CA (Chiu et al., 2002)
and to an altered membrane targeting, from the plasma mem-
brane to the ER membrane, with deletions in p17MA (Facke
ctal., 1993; Gallinaetal., 1994; Ono et al., 2004). Since Gag
1s a very strongly multimerising polyprotein and an exact
clustering 1s necessary for the correct formation of HIV par-
ticles (Wilk et al., 2001), 1t 1s obvious that TDN Gag deletion
derivatives with functional assembly domains (C-terminal
domains of p24CA) directly interfere, by a binding to wild-
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type Gag proteins, with the assembly of HIV capsids and thus
demonstrably lead to an inhibition of HIV replication.

Particularly the last strategy however exhibits some prob-
lems 1n a constitutive protein expression. Thus, the expression
of the foreign gene can lead to cell toxicity, a faulty regulation
of cellular functions, a reduced regulation of the transcription
and, specifically 1n the case of a protein derived from HIV, to
an undesirable immune response (Smythe et al., 1994). In
order to circumvent these problems, various strategies are
adopted to make the expression of the transgene dependent on
an HIV infection.

In various approaches a Tat-, a Rev- and a Tat/Rev-depen-
dent expression have been investigated and 1n some cases the
inhibition of HIV replication in vitro has been described
(Carusoetal., 1992; Harrison et al., 1992; Liuetal., 1994). In
agreement with this, the expression of thymidine kinase
(Marcelloetal., 1998) and interferon a2 (Ragheb etal., 1999)
could be raised by Tat by a factor of 5 and 4 respectively, and
by Rev by a factor of 3.3 and <2 respectively. The combined
addition of Tat and Rev led however to very different results:
the expression of thymidine kinase was raised by a factor of 7/,
whereas for imterferon o2 an increase in expression by a
factor o1 >300 was reported. For HIV-1 TDN Gag derivatives
a clear Rev-mediated induction of protein synthesis (with low
basal activity) could be shown, which was associated with a
broad inhibition of HIV replication (up to 94%) (Smythe et
al., 1994; Furuta et al., 1997). For the combination of Tat-
dependent and Rev-dependent expression of TDN Gag, a
sharply increased protein synthesis was achieved by co-trans-
fection of tat-expression and rev-expression plasmids (Ding
ctal., 2002; Caraetal., 1998). Here 1t was found however that
the imhibition of the HIV replication was only partial (Cara et
al., 1998) and reached a high level only by combination with
various 1nhibitory strategies (Ding et al., 2002; Cara et al.,
1998). In contrast to this the LTR/Tat-inducible expression of
suicide genes such as TK led, in many cases to an inhibition
of virus replication (Marcello et al., 1998; Miyaka et al.,
2001; Ragheb et al., 1999).

As regards the basal activity, 1t has been correspondingly
shown that a dependence on Rev does not lead to an absolute
prevention of protein synthesis. Rev influences the export of
RNA from the cell nucleus and 1s functional only 1n combi-
nation with corresponding cis-active retention sequences
(INS, see above) and a cis-located recognition sequence
(RRE). Gag genes 1solated and reduced 1n size (and therefore
also 1n the size of the INS) are efficiently transcribed under a
correspondingly active promoter (e.g. CMV), and it 1s clear
that a certain part of the RNA reaches the cytoplasm and 1s
translated without the support of Rev.

There 1s no unambiguous data regarding the regulation by
L'TR/Tat. Most reports have described a basal activity of the
genes under LTR control (Caruso et al., 1992; Ding et al.,
2002; Muratori etal., 2002; Cara et al., 1998). Possible expla-
nations of this expression in the absence of Tat are an activa-
tion of the LTR promoter by TNFa, which was secreted from
the corresponding transduced cells (Muratori et al., 2002), or
elements of the vector construct, which are derived from HIV
(Miyake et al., 2001).

Also, the length of the LTR that 1s used may have an
influence on the regulation. Thus, a complete switching off of
the transcription in the absence of Tat was detected with a
minimal TR (Miyake et al., 2001), 1.e. a “tight” inducible
promoter was described.

For an HIV-dependent transgene expression the LTR/Tat
system therefore appears to be the more important switch
module; and this also for the reason that an induction by Rev
1s downstream of that by Tat, which can lead to an initial virus
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multiplication, and specifically shortly before the inhibition

by the transgene can act. Thus, among other things the

observed incomplete inhibition of the replication after Rev

induction 1s explained (Smythe et al., 1994).

However, for a Tat-inducible expression of transdominant-
negative (IDN) Gag dertvatives, 1n contrast to suicide genes
up to now a suificient inhibition of the HIV replication has
still not been detected (see above). There are several possible
explanations for this:

1) The TDN action correlates with the amount of the TDN
protein, 1.e. a certain limit must be exceeded 1n order to
achieve an eflective intervention. The amount of protein
depends however to a large extent on the promoter activity.
Compared to highly active viral promoters (e.g. CMV
SV40) this 1s relatively slight in HIV-1 LTR, and 1s there-
fore possibly not suificient.

11) The TDN derivatives used hitherto are derived from the
HIV-1 wild-type genome, and consequently contain INS
motifs and are therefore dependent on a Rev-mediated
nuclear export. As described above, the actual inhibitory
action starts only with the presence of REV in the cell
nucleus, whereby the first HIV transcripts pass unhindered
into the cytoplasm and can complete the replication. It 1s
therefore not surprising that a combination of both regula-
tion systems leads to a very inelficient inhibition of HIV
replication (Cara et al., 1998).

Apart from the LTR-tat system, many other inducible viral
promoters are known. Also, other inducible expression sys-
tems are known 1n the prior art. Often however the desired
degree of gene expression cannot be achieved with an induc-
ible system. An object of the present invention 1s accordingly
to provide a method for inducible gene expression.

This object 1s achieved by a method for inducible gene
eXpression, comprising
(1) provision of a target nucleic acid sequence to be expressed,
(11) modification of the target nucleic acid sequence to be

expressed so that an increase 1n the expression 1s achieved,

(111) operative coupling of the modified target nucleic acid
sequence with an inducible transcription control sequence,

(1v) expression of the modified target nucleic acid sequence in
a suitable expression system by a transactive factor.

It has surprisingly been found that the inducible expression
of a coded gene 1n a target nucleic acid sequence to be
expressed (hereinafter also termed transgene) can be signifi-
cantly improved 1f on the one hand its sequence at the nucleic
acid level 1s modified to achieve an increase 1n gene expres-
s10n, and on the other hand the target nucleic acid 1s expressed
under the control of a transcription control sequence induc-
ible by a transactive factor.

An inducible gene expression 1s essential for example
when toxic gene products are used, and with other, therapeu-
tically usable genes has decisive advantages compared to a
constitutive expression:

A non-infected cell 1s 1n its physiological performance not
subjected to stress due to a high expression of additional
factors.

Non-specific or non-foreseeable interactions of the gene
products could lead to physiological modifications such
as activation, proliferation or the like, also 1n neighbour-
ing cells, 1n tissues or in the whole organmism.

Proteins derived from HIV are recognised by immune cells
in the environment of an HIV infection and the corre-
sponding protein-expressing cells are eliminated.

In the case of toxic factors a constitutive production must
be avoided.

A transcription control sequence 1s a nucleic acid sequence

which permits the expression of a nucleic acid sequence, in
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particular of a gene, operatively associated therewith. It may
in this connection be a promoter, and in addition the transcrip-
tion control sequence may also include further elements such
as for example enhancers and the like. Preferably the induc-
ible transcription control sequence 1s an inducible promoter.
In this connection 1n principle every inducible promoter sys-
tem that 1s known 1n the prior art 1s suitable. A natural or
artificial inducible promoter, for example a promoter induc-
ible by tetracyclin (Tet on/Tet off system), may for example
be used. Furthermore, an inducible viral promoter may how-
ever also be used.

The transcription control sequence 1s induced by a trans-
active factor. The transactive factor 1s a factor that acts 1n trans
and has an mfluence on the transcription. The transactive
factor 1s preferably a transcription factor. Particularly prefer-
ably the transactive factor 1s a viral transactive factor.

Preferably the inducible transcription control sequence can
be induced by a viral transactive factor. A viral inducible
transcription control sequence that can be induced by a viral
transactive factor may be derived from an arbitrary virus.
Sequences of retroviruses, HCV (Hepatitis C Virus), HBV
(Hepatitis B Virus), HSV (Herpes Sumplex Virus), EBV (Ep-
stein-Barr Virus), SV40 (Simian Virus 40), AAV (Adeno-
associated Virus), Adenovirus, Papilloma Viruses or Ebola
Virus are preferably used for this purpose. The transactive
factors used in this connection are accordingly selected for

example from the following wviral factors, but are not
restricted to these: NSS5A (HCV), HB X (HBV), VP16/1CP4

(EBV), EBNAI1/Rta (EBV), ART (HHVS), Large T-Antigen
(SV40), Rep78/68 (AAV), E1A (Adenovirus), E2 (Papilloma
Virus) and VP30 (Ebola Virus).

A retroviral LTR promoter or a functional partial sequence
thereol 1s preferably used as inducible transcription control
sequence that can be mduced by a viral transactive factor.
Preferably therefore the transactive factor 1s a retroviral Tat or
Tax protein. The TR promoter may be selected from LTRs of
HIV-1, HIV-2, SIV, HTLV and other related retroviruses that
contain LTR promoters. In particular lentiviral promoters are
preferred, especially those of HIV.

A transactive factor within the meaming of the present
invention 1s thus a factor which exerts 1n trans an influence on
the transcription, preferably due to the fact that the transactive
factor interacts with the inducible transcription control
sequence. An example of such a transactive factor 1s thus the
Tat protein already mentioned above.

In order to improve the gene expression the target nucleic
acid sequence to be expressed 1s modified. This occurs at the
nucleic acid level and preferably in such a way that the cor-
responding amino acid sequence 1s not, or 1s not substantially,
altered. If the amino acid sequence 1s altered 1n the modifica-
tion of the nucleic acid sequence 1n order to raise the gene
expression, then this should have no influence on the function
of the resulting protein.

The modification of the target nucleic acid sequence to
raise the gene expression may be carried out 1n several ways.

On the one hand 1t 1s possible to match the codon usage of
the transgene to the employed expression system. A eukary-
otic expression system, 1n particular amammalian-based one,
1s preferred, especially 1n this connection one based on mam-
malian cells, preferably human cells. The codon usage of the
transgene 1s therelore preferably matched to the codon usage
of mammalian cells, more preferably to that of human cells.

Modified target nucleic acid sequences according to the
invention and preferably suitable for gene therapy can be
created for example by choosing the codon distribution as 1t
occurs 1n exported cellular mRINA. Preferably 1n this connec-
tion a codon choice should be used such as 1s most frequently
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or next most frequently employed in mammalian cells
(Ausubel et al., 1994), and even more preferably the codon
choice 1s matched to that of actively expressed mammalian
genes. Preferably the nucleic acid sequence 1s modified for an
optimal expression in mammals using the gene optimiser
technology (German Patent Application DE 102 60 805.9,
PCT/EP03/14850).

Instead of or also 1n addition to the matching of the codon
choice, 1t1s however also possible to optimise the GC content.
This 1s preferably achieved by matching the GC content of the
transgene as accurately as possible to the GC content of the
expression system that 1s used. In this connection the degen-
eracy of the genetic code 1s preferably utilised, so that the
alteration of the nucleic acid sequence for the purposes of
increasing the GC content does not lead to an alteration of the
amino acid sequence. The optimal percentage content of G
and C nucleotides 1 a sequence to be expressed depends, as
already mentioned, on the respective organism and on the
respective cells 1n which the sequence 1s to be expressed. For
example, the optimal GC content 1n nucleic acids in mamma-
lian cells 1s about 50%. Reference documents already exist in
which the person skilled 1n the art can look up the optimal GC
content for various organisms and cells. The regularly
updated codon usage database exists at the Kazusa DNA
Research Institute, see also Nakamura, Y et al., (2000) Nucl.
Acids Res. 28, 292. It 1s therefore no problem for the person
skilled 1n the art to optimise, as regards the GC content, the
nucleic acid sequence of the target nucleic acid to be
expressed.

The optimisation of the GC content or the matching of the
codon usage 1s preferably carried out by silent mutations or by
mutations that do not influence the activity of the protein
coded by the transgene. The codon usage need not necessarily
be matched 11 the GC content of the said gene 1s already more
than 50%. Genes with codon usage differing from the wild
type may, as mentioned 1n the example, be produced from
long oligonucleotides by a stepwise polymerase chain reac-
tion (PCR).

A further possible way of moditying the target nucleic acid
sequence to be expressed for the purposes of improving the
expression 1s, either istead of the above possibilities, or 1n
addition to these, to purposetully eliminate motifs that nega-
tively influence the transcription. This includes for example
the deletion of nucleic acid motifs such as poly-A sequences
and the like, which could well already be known to the person
skilled 1n the art. Further such motifs negatively influencing
the expression include RNA 1nstability motifs, adenine-rich
motifs, recognition motils for endonucleases, motifs that
influence the RNA secondary structure, and the like.

The target nucleic acid sequence to be expressed preferably
codes for a therapeutic and/or diagnostic protein. Such a
protein may be chosen for example from toxic gene products,
suicide factors, apoptosis-inducing proteins, messenger sub-
stances, transactive factors, regulator proteins, transdomi-
nant-negative proteins, cytokines, chemokines, etc. Specific
examples are interferon o, SDF-I RANTES, MIPla, TNF
and interleukins, 1n particular interleukins 2, 6, 10,12, 15 and
28. Preferably the target nucleic acid sequence to be
expressed codes for a gene which, when the LTR/Tat system
1s used, produces proteins, for example after activation by
HIV infection, which are capable of inducing the natural
defence mechanisms of adjacent cells or of preventing, by
binding to the corresponding receptors, an infection with
HIV. In the case of HIV these are in particular the receptors
CD4, CCR5 or CXCRA4.

Further examples are enzymes, such as for example thy-
midine kinase, cytosine deaminase, purine nucleoside phos-
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phorylase, carboxypeptidase, carboxylesterase, nitroreduc-
tase, peroxidase, xanthine-guanine
phosphorbosyltransierase, glycosidase, thymidine phospho-
rylase and the like.

The method for the expression of toxic gene products, e.g.
thymidine kinase from herpes viruses, nucleases or apopto-
s1s-inducing proteins (e.g. FAS/FAS ligand, caspases, efc.) 1s
particularly suitable. Apart from caspases, also suitable are
TNF-related apoptosis-inducing ligand (TRAIL), protein
kinase C (PKC), Tumor necrosis factor (INF), apoptosis-
inducing factor (AIF) and the like. After infection with HIV,

the expression of genes would 1n this case be induced, the

cells would be damaged, and thus the new production and

propagation of descendant viruses would be prevented.

Furthermore, the transgene may be a regulator gene which,
after i1ts induced expression 1n a cell, acts as a molecular
switch molecule and switches the expression of other genes
on or off. A gene that codes for a transcription factor may for
example be used as such a regulator gene. Of course, these
possible uses are not restricted to infection with HIV, and the
person skilled 1n the art 1s able to use corresponding systems
also for other infections.

The transgene 1s preferably a viral gene.

Moreover, the target nucleic acid sequence to be expressed
may also be a gene for a transdominant-negative (ITDN) pro-
tein. Preferably 1n this case 1t 1s a viral TDN protein, prefer-
ably a retroviral TDN protein and most preferably a lentiviral
TDN protein.

In this connection lentiviral TDN proteins are particularly
suitable, e.g derivatives of Pr555“¢, Gp41, Gp120, Rev, pro-
tease, 1ntegrase, reverse transcriptase, Nef, Vpr, Vpv or any
other lentivirus protein that 1s able to interrupt the replication
cycle of lentiviruses, in particular HIV, or to prevent the
release or splitting off of virus particles.

Preferably HIV-1 gag (group-specific antigen) 1s used as
transgene, 1n which case its codon choice 1s adapted to the
codon choice as 1s to be found in human genes.

Particularly preferably a gag gene i1s used that contains
turther deletions. This can further intensify the TDN action.
Preferably 1n this case further deletions 1n the p24 region or
individual or multiple assembly domains are involved.

For example, the amino acid sequence of the gag gene
product was back-translated into a synthetic Gag-coding
reading frame using the codon choice of human genes. This
reading frame known as “syngag’” was then constructed as a
completely synthetic reading frame using long oligonucle-
otides and a stepwise PCR. The syngag reading frame was
then cloned 1nto an expression vector. The produced syngag
vector appeared 1n the expression of HIV gag as being com-
pletely independent of the presence of the Rev protein, an
RRE sequence, a 3' untranslated region (UTR) or splice sites.
The output gag gene, which corresponds 1n 1ts codon choice
to the HIV-1 wild-type gene (wtgag), appeared 1n its expres-
sion however as dependent on Rev RRE and the 5'-UTR
inclusive splicing donor (Grat et al., 2000).

Furthermore the invention therefore preferably relates to a
method for the expression of transdominant-negative (TDN)
lentivirus proteins 1n eukaryotic cells, comprising:

(a) Introducing a vector, comprising a target nucleic acid
sequence to be expressed, which codes for a TDN lentivi-
rus protein and whose codon usage 1s matched to that of
mamimals, and a promoter sequence inducible by lentivirus
Tat protein in operative coupling with the target nucleic
acid sequence, 1n a eukaryotic cell,

(b) Provision of the Tat protein so that an expression of the
target nucleic acid sequence 1s induced.
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Surprisingly the L'I'R/Tat system can be used despite the
aforementioned limitation, 1f, as described above, the expres-
sion of the TDN derivative 1s independent of Rev/RRE. In the
present invention this 1s achieved by matching the codon
usage to that of mammalian cells.

In the combination of 'R and synthetic HIV reading
frames an early expression of the TDN gene—in an early
phase of HIV infection—is connected with an efficient
nuclear export (plus an RNA stabilisation) and thus with a
protein biosynthesis, before HIV-own structure proteins and
thus target proteins are produced. Overall this combination
offers 1) a high TDN protein amount combined with 11) a
kinetically favourable expression behaviour and 111) a very
eificient inducibility.

As a delimitation with respect to the hitherto described
methods, 1) the inducibility of the expression 1s restricted to
the presence of Tat, whereby the need for HIV RRE/Rev in the
transier construct 1s avoided, and 11) the Rev independence of
the transcript 1s guaranteed by a suitable codon choice for the
transfer construct.

The transcription control sequence for the transgene 1s
preferably positioned similarly to the natural occurrence.

The induction of the promoter 1s carried out by a lentiviral
Tat protein, preferably by the HIV Tat protein, which acts as
transactive factor. This allows an induction of the promoter by
an infection of the cell containing the vector, to take place
with a lentivirus, 1n particular HIV, by 1tself. Such an 1n trans
active factor 1s understood within the meaning of the present
application to be an individual protein as well as a protein
complex.

The stabilisation of the RNA and the improvement of the
nuclear export properties as well as the independence of the
protein production on an RRE/Rev interaction (in the case of
HIV-derived proteins) may for example be achieved by a
corresponding codon choice, taking into account motifs that
influence RNA stability.

The mvention moreover relates to a nucleic acid vector
comprising;

(a) a target nucleic acid sequence to be expressed,

(b) a transcription control sequence inducible by a transactive
factor, preferably by a viral transactive factor, in operative
combination with the target nucleic acid sequence to be
expressed,

wherein the sequence according to (a) 1s modified at the

nucleic acid level in such a way that an increase 1n expression

1s achieved.

A nucleic acid vector 1s understood 1n this connection to
denote a nucleic acid construct that 1s capable of expressing a
target nucleic acid sequence contained thereon 1n a suitable
expression system, e.g. a cell, an organism or 1n an 1n vitro
system, and which includes at least one target nucleic acid
sequence to be expressed and an inducible transcription con-
trol sequence in operative combination therewith. Such a
vector may contain further coding sequences, such as e.g.
selection marker genes and the like. The person skilled 1n the
art 1s able to use the target nucleic acid sequence to be
expressed in combination with its transcription control
sequence 1n a suitable commercially obtainable plasmid vec-
tor or the like or also a self-constructed vector.

The target nucleic acid sequence to be expressed and the
inducible transcription control sequence may also be chosen
in this case as described above. Also, the modification of the
sequence may be carried out as explained above.

A preferred embodiment relates to vectors which can be
used 1n HIV gene therapy and which are characterised 1n that
they code for a therapeutic gene that 1s expressed only after
infection of the cell by HIV. The transcription of correspond-
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ing genes 1s 1n this connection controlled by the HIV-own
LTR (long terminal repeat) region and takes place in the
presence of the HIV-Tat protein. Also, preferably synthetic
reading frames adapted to expression in human genes are
used for the therapeutic genes, to increase the gene expres-
sion, 1n particular the RNA stability and the RNNA nuclear
export. These genes may preferably be targeted against dii-
ferent steps 1n the HIV replication cycle and intervene in the
infection of cells, the replication of HIV or the propagation of
descendant viruses.

The vector according to the mvention may additionally
contain a further transgene, which preferably codes for a
therapeutic, gene therapeutic and/or diagnostic protein. This
turther transgene may likewise be under the control of an TR
promoter, for example the same promoter as the sequence
according to (a). However, 1t may also be controlled by a
separate promoter, which may be constitutive or inducible.

The vector may for example be of viral (e.g. adeno-asso-
ciated viruses, adenoviruses, retroviruses, herpes viruses,
alpha viruses, etc. a) or bacterial origin, or may be a plasmad.
Particularly pretferably the inducible transcription control
sequence 1s chosen so that the expression of the foreign gene
depends on the presence of the HIV-1 Tat protein. If the Tat
transactivation 1s successfully reconstituted, there should
preferably be a measurable increase in the expression of the
Tat-dependent gene by a factor of at least 3, preferably 3, and
still more preferably by a factor of 10 or more.

The vector preferably contains a sequence according to
SEQID NO. 1, 16 or 17.

The present invention furthermore provides modified tar-
get nucleic acid sequences which, when operatively coupled
with a suitable inducible transcription control sequence,
bring about an increased gene expression. Preferably these
modified target nucleic acid sequences are selected from the
sequences given 1n the examples of the present invention and
specified 1n the sequence protocol. Most preferred are the
modified target nucleic acid sequences selected from the fol-
lowing sequences: SEQ ID NO. 1, 16 and 17.

The present mvention furthermore provides cells, prefer-
ably eukaryotic cells, more preferably mammalian cells, most
particularly preferably human cells, which have been trans-
formed with a nucleic acid or a vector, as described above, 1n
which the nucleic acid is present 1n a transcriptable form. The
nucleic acid and the vector may for example be present epi-
somally or may be stably integrated into the chromosome. In
this case the cell may contain one or more copies.

The present invention moreover relates to medicaments
based on the vectors and modified lentiviruses and cells dis-
closed here. The medicaments according to the invention are
suitable for therapeutic and diagnostic uses, and in particular
are suitable for the diagnosis, prevention or treatment of
virus-associated diseases and/or tumours. For these applica-
tions the target nucleic acid sequence to be expressed may for
example 1n particular be a suicide gene or the like.

The medicaments may for example be used for treatment
purposes, preferably for the treatment of lentiviral infections,
e.g. HIV and SIV, in particular HIV-1 and HIV-2. The person
skilled 1n the art 1s able to match the promoter sequence to the
system 1n which the expression 1s to take place. Lentiviral
infections can now be controlled in this way, by treating

infected persons 1n vitro, ex vivo and of course 1n vivo, for
example by imntroducing the nucleic acids or vectors according
to the ivention into PMLs from these patients or into T cells
in different stages of differentiation, or into stem cells.
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The invention will be described in more detail hereinafter
with the aid of the following figures and examples.

FIGURES AND SEQUENCES

FIG. 1 shows diagrammatically all produced gag-coding
constructs.

FIG. 2 shows the results of the expression of various gag-
coding constructs 1n H1299 cells.

FIG. 2A shows an HIV-1 p24-specific western blot of
transiected cells.

FI1G. 2B shows a p24 ELISA test.

FIG. 3 shows the results of the expression of wild-type
gag-expressing constructs in the presence and absence of Tat
and/or Rev.

FIG. 3A shows an HIV-1 p24-specific western blot of
transiected cells.

FIG. 3B shows an ELISA test.

FI1G. 4 shows the effect of the transdominant negative gag
proteins on the release of HIV particles.

FIG. 4A shows the ihibition of the release of particles in
percent according to a p24 ELISA test.

FIG. 4B shows the inhibition of the infectivity of the
released virus particles 1n percent.

FIG. 5 shows the inhibition of the release of virus particles
in percent, which were formed 1n the presence of transdomi-
nant negative gag constructs with further deletions in p24.

FIG. 5A shows the inhibition of the release in percent.

FIG. 5B shows the imnhibition of infectivity 1n percent.

FIG. 6 shows the sequences of TDsyngag and TDwtgag as
well as a sequence comparison between TDwtgag and
1Dsyngag.

FI1G. 7 shows the nucleic acid sequences of TDsyngag delta
2 and TDsyngag delta 2 delta p7.

SEQ ID No. 1 shows the nucleic acid sequence of TDsyn-
gag,

SEQ ID No. 2 shows the amino acid sequence of TDsyn-
gag.

SEQ ID No. 3 shows the nucleic acid sequence of TDwt-
gag.

SEQ ID No. 4 shows the amino acid sequence of TDwtgag.
SEQ ID Nos. 5 to 15 show various oligonucleotides.
SEQ ID No. 16 shows the nucleic acid sequence of TDsyn-
gag delta 2.

SEQ ID No. 17 shows the amino acid sequence of TDsyn-
gag delta 2.

SEQ ID No. 18 shows the nucleic acid sequence of TDsyn-
gag delta 2 delta p7.

SEQ ID No. 19 shows the amino acid sequence of TDsyn-
gag delta 2 delta p7.

EXAMPLES

Example 1

Production of Independent Tat-Dependent,
Rev-Dependent and Tat- and Rev-Dependent Gag
Gene Derivatives

HIV-1 transdominant-negative (TDN) gag derivatives
were produced as constitutively, Tat-, Rev- or Tat/Rev-depen-
dent expressing gene constructs. The Rev dependence was
achieved by using HIV wild-type (wt) gene sequences,
including the 5'-untranslated region (UTR), 1n conjunction
with the HIV Rev-responsive element (RRE). The Rev-inde-
pendence was made possible by synthetic, GC-rich gene
sequences, 1n which the coded amino acid sequence 1s 1den-
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tical for both constructs. A dependence on Tat was achieved
by using HIV-1 LTR as transcription control. On the other
hand, the CMV-promoter/enhancer was used for a constitu-
tive transcription. By appropriate combination of the ele-
ments a constitutive expression (CMV-syngag), a Tat-depen-
dent (LTR-syngag), a Rev-dependent (CMV-UTR-wtgag-
RRE)and a Tat- and Rev-dependent (LTR-UTR-wtgag-RRE)
expression of 1dentical (at the protein level) TDN gag deriva-
tives was generated.

The reading frame of the HIV-1 group-specific antigen
(gag) (GenBank Accession Number: M135654.1 HIVBHI102,
nucleotides 112-1650; Reference: Ratner L., Haseltine W,
Patarca R, Livak K I, Starcich B, Josephs S F, Doran E R,
Rafalski J A, Whitehorn E A, Baumeister K, et al., Complete
nucleotide sequence of the AIDS virus, HTLV-III. Nature.
1985 Jan. 24-30; 313 (6000): 277-84) should be constructed
artificially using a codon choice, such as 1s to be found 1n
human cells. For this purpose the amino acid sequence of the
(Gag protein (corresponding to GenBank Accession Number:
M15634 JIVBH102, nucleotides 112-1408) with a deletion
of nt 304-489 was converted into a corresponding nucleotide
sequence. A corresponding software package (GeneOpti-
mizer) was used for the codon optimisation and optimisation
of the RNA sequence. For the sub-cloning as well as for the
attachment of further sequence elements within untranslated
regions, further restriction interfaces were inserted. The
nucleotide sequence, including the interfaces, 1s givenin SEQ)
ID NO. 1.

This sequence was produced as a fully synthetic gene using,
synthetic oligonucleotides according to an already described
method (Zolotukhin et al., 1996).

A comparison of the nucleic acid sequences of TDsyngag
(codon choice derived from mammalian genes) and TDwtgag
(codon choice derived from HIV structure genes) 1s shown 1n
FIG. 6. The TDgag-coding DNA fragment (“TDsyngag”)
produced 1n this way was 1nserted into the expression vector
pcDNA3.1(+) (Invitrogen) using the interfaces EcoRI and
Xho I, under the transcriptional control of the cytomegalovi-

rus (CMV) early promoter/enhancer (“pc-CMV-TDsyn-
gag”).

To produce a similar expression plasmid, though corre-
sponding 1n 1ts codon choice to the HIV wild-type, the coding
region of HIV-1 gag, including the 5'-untranslated region
(UTR), was subcloned and, 1in order to meet the conditions for
a Rev-mediated nuclear export, an RNA target sequence
(RRE) was attached to the wtgag-coding region (Gratf et al.,
2000). This target sequence interacts at the RNA level with a
viral nuclear export protein (in the case of HIV-1 the Rev
protein) and cellular nuclear export proteins.

In order to ensure a matching at the protein level, the
wild-type construct was C-terminally shorted by mtroducing
two successive stop codons 1n the gag reading frame (codons
tor 372F and 373L were mutated). The mutations were 1ntro-
duced by directed mutagenesis (QuickChange site-directed
mutagenesis kit, Stratagene) using the oligonucleotides gag-
stopl and gag-stop2. The resulting construct was designated
pc-CMV-UTR-wtgag-RRE. Using the oligonucleotides Dell
and Del2, a deletion from nt 304 to nt 489 was introduced into
this construct, similarly to the TDsyngag (pc-UTR-TDwt-
gag-RRE). The coding sequence 1s given 1n SEQ ID No. 3.

The coding sequences were placed under the transcrip-
tional control of the HIV promoter, 1n order to achieve a Tat
dependence of the gag protein derivative. The HIV-1 long
terminal repeat (LTR) contains such a promoter. This region

was amplified by means of PCR using the oligonucleotides
Itr] and Itr2 from proviral HIV-1 DNA (HX10, see (Ratner et

al., 1987)) and cloned using the interfaces Mlul and EcoRI
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directly 5" in front of the ATG of the gag-coding reading frame
in pc-CMV-TDsyngag, the CMV promoter having been
replaced by the LTR. For the replacement of the promoter in
the wt gag construct, parts of the HIV genome were amplified
using the oligonucleotides ltr]l and 1tr3 1n a PCR reaction and
replaced using the interfaces Mlul and Cial of the CMR
promoter 1n the pc-CMR-UTR-TDwtgag-RRE construct. At
the same time the natural reading frame of the HIV provirus
(with the sequence LTR, UTR, gag) was produced again. The
resulting constructs have been denoted heremnafter “pc-LTR-
TDsyntgag” and “pc-LTR-UTR-TDwtgag-RRE".

All produced Gag-coding constructs are shown diagram-
matically in FIG. 1.

Example 2

The

Expression of the TDgag Constructs can be
Controlled by HIV Regulator Proteins

All cell culture products were obtained from Life Tech-
nologies (Karlsruhe). All mammalian cell lines were cultured
at3’7° C. and 5% CO,. The human lung cancer cell line H1299
was cultured 1n Dulbecco’s modified eagle medium (DMEM)
with L-glutamine, D-glucose (4.5 mg/ml), sodium pyruvate,
10% 1nactivated foetal bovine serum, penicillin (100 U/ml)
and streptomycin (100 ng/ml). The cells were sub-cultured 1n
a ratio of 1:10 after contluence was achieved.

1x10° cells were seeded out in Petri dishes (diameter 100
mm) and transfected 24 hours later by calcium phosphate
co-precipitation (Graham et al., 1973) with 30 ug TDgag
plasmids and 15 pg pc-tat ('Tat expression plasmid) or pc-rev
(Rev-expression plasmid) or pcDNA 3.1 vector (reference
plasmid). With co-transiections of gag, tat and rev, 15 ug of

plasmid were used for each one. Cells and culture superna-
tants were harvested 48 hours after transiection. The trans-
tected cells were washed twice with 1ce-cold PBS (10 mM
Na,HPO,, 1.8 mM KH,PO,_,, 137 Mm NaCl, 2.7 mM KCl),
scraped off 1n ice-cold PBS, centrifuged for 10 minutes at 300
G and lysed for 30 minutes in lysis buifer on 1ce (30 mM
Tris-HCI, pH 8.0, 0.5% Trnton X-100 (w/v)). Insoluble con-
stituents of the cell lysate were centrifuged off for 30 minutes
at 10000 G and 4° C. The total amount of protein in the
supernatant was measured with the Bio-Rad protein assay
(Bio-Rad, Munich) according to the manufacturer’s instruc-
tions.

An equal volume of double sample buifer (Laecmmli, 1970)
was added to the samples and heated for 5 minutes at 95° C.
50 ng of total protein from cell lysates were separated via a
12.5% SDS/polyacrylamide gel (Laemmli, 1970), elec-
trotransferred onto a nitrocellulose membrane and analysed
with the monoclonal p**-specific antibody 13-5 (Wolf et al.,
1990) and detected by means of a secondary, AP- (alkaline
phosphatase) coupled antibody and identified by means of
chromogenic colouration (FIG. 2a).

In addition to this the cell lysates were quantified 1n a
commercially obtainable p24 ELISA test (NEN). 1 ug por-
tions of the cell lysate were evaluated according to the manu-
facturer’s 1nstructions and the total concentration of HIV-1
p24 was determined (FIG. 2B).

H1299 cells were transiently fixed with the gag constructs.
The achieved expression was analysed 1n the presence and
absence of Tat or Rev (FIG. 2). For the pc-CMV-TDsyngag a
constitutive expression of TDgag was detected independently
of Tat or Rev (FIGS. 2A, trace 2, and 2B, 2). The expression
of TDgag could be raised for the pc-CMV-UTR-TDwtgag-
RRE construct by Rev by a factor of 7 (FIG. 2A, traces 3 and
4 and 2B, traces 3 and 4), and for the pc-LTR-TDsyngag
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construct by co-transiection of pc-tat, by a factor of 2.5 (FIG.
2A, traces 5 and 6, and 2B, traces 5 and 6). The basal activity
of the Tgag expression was somewhat lower for the pc-LTR-
TDsyngag construct compared to pc-CMV-UTR-TDwtgag-
RRE, for both constructs however was significantly reduced
compared to pc-CMV-TDsyngag, and was only slightly
above the negative control (ca. by a factor of 2.5 for pc-CMV-
UTR-TDwtgag-RRE and 1.5 for pc-LTR-TDsyngag; FIG.
2B). The gene product ol pc-LTR-UTR-TDwtgag-RRE could
not be detected by these methods. The deletion 1n Gag leads
to a reduced recognition by the monoclonal antibody, and 1n
combination with a greatly restricted expression the TDgag
amounts that are achieved are sulficient for a detection by
antibodies. Accordingly, the Tat and Rev dependence was
investigated 1 a reference construct (complete wtgag
sequence). This construct (pc-LTR-UTR-wtgag-RRE) was
dependent on Tat as well as on Rev. Tat alone led to an
increase 1n expression by a factor of 4, Rev alone led to an
increase by a factor of 16, and the combination of Tat and Rev

by a factor of 47 (FIG. 3).

Example 3

The TDgag Constructs have a Transdominant
Negative Effect on the HIV Particle Release

H1299 cells were transiently transfected with combina-
tions of plasmids, as described 1n Example 1. For a transfec-
tion, 15 ug of HX10 proviral DNA and 30 ug of the TDgag
constructs or 30 ug of pcDNA3.1 were used as control for an
unminhibited replication. After 48 hours the cell culture super-
natants were harvested, cell constituents were sedimented by
centrifugation (10 minutes at 10000 ) and the supernatants
were mcubated for 15 minutes at RT with 10% of a Triton x
100 solution (5%) to lyse the HIV particles 1n the supernatant.
The treated supernatants were used 1n corresponding dilu-
tions 1 a p24 ELISA test (NEN) and the p24 amount was
quantified. The reduction of the p24 amount correlates
directly with an inhibition of the particle release after trans-
fection with an HIV provirus. The determined p24 amounts
were compared to the control (co-transfection with
pcDNA3.1, uninhibited) and the percentage (%) inhibition
was calculated. At least 6 independent batches were tested for
cach combination.

As can be seen from FIG. 4A, all tested TDgag constructs
have led to a considerable 1inhibition of the particle release.
The TDsyngag (TDsg) constructs exerted a very high inhibi-
tion independently of the upstream promoter. The inhibitory
action of the TDwtgag (TDwtg) constructs depended how-
ever on the promoter region. The inhibition of the particle

release was significantly higher under a CMYV promoter con-
trol than under the HIV LTR promoter.

Example 4

The TDgag Constructs have a Transdominant
Negative Effect on HIV Infectivity

H1299 cells were transiected with plasmid combinations
as described in Example 3, and after 48 hours the supernatants
were harvested and purified. In order to check the intfluence of
the TDgag constructs on the release of infectious descendant
viruses, the conditioned cell culture supernatants were tested
in a corresponding indicator cell line (MAGI) (Kimpton et al.,
1992).

Eukaryotic MAGI (multinuclear activation of a galactosi-
dase indicator) cells are an indicator cell line that contains a
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reporter gene cassette which can be mduced by HIV infec-
tion. The MAGI cells were made available by the UK Medical

Research Council (MRC). In this cassette the viral LTR (long
terminal repeat) promoter 1s upstream of the £. coli 3-galac-
tosidase gene (lacZ). The expression of lacZ accordingly
depends on the transcription activity of the LTR promoter by
the viral Tat.

For the infection, 3x10” cells per 300 nl of medium (in
48-well plates) were seeded out the previous day. After har-
vesting the transtected H1299 cell supernatants the Magi
cells were infected with 100 ul of supernatant per batch and
cultured for 48 hours.

To evaluate the infectivity, the medium was suctioned off
and the wells were washed with PBS. The monolayers were
fixed with 200 ul of fixing solution (1% formaldehyde, 0.2%
glutaraldehyde in PBS) and after incubation for 5 minutes at
room temperature were washed once again with PBS. 200 ul
of staining solution (16 mg X-Gal 1n 4 ml DMSQO, plus 40 ml
PBS; addition of 400 ul K ferricyanide (400 mM), 400 ul K
terrocyanide (400 mM) and 8 ul MgCl, (1 M)) were then
added to the cells. Incubation was carried out at 37° C. for
between 15 minutes and 3 hours. The blue cells were counted
in a light microscope.

The inhibition was measured as the reduction of blue cells
and was given 1n terms of the number of blue cells 1n the
positive control as % inhibition of the infectivity. The results
correlate substantially with the data for the inhibition of the
particle release (FIG. 4B). A virtually complete inhibition
was found for the constructs pc-CMV-TDsyngag, pc-LTR-
TDsyngag and pc-CMV-UTR-TDwtgag-RRE, whereas the
construct pc-LTR-UTR-TDwtgag-RRE produced an about
50% 1nhibition (the results of an exemplary experiment from
two independent batches are shown 1n FIG. 4B).

Example 5

Transdominantly Negative Effect of Tat-Dependent
TDgag Dertvatives with a Further Deletion 1in p24

Starting {rom the constructs pc-CMV-TDsyngag, pc-LTR-
TDsyngag, pc-CMR-UTR-TDwtgag-RRE and pc-LTR-
UTR-TDwtgag-RRE a further deletion was introduced into
the gag reading frame by using the oligonucleotides Del3 and
Deld (syngag) and DelS and Del6 (wtgag). This deletion
concerns the amino acids 230 to 300, a region 1n which very
many CTL epitopes have been 1dentified. The expression of
the corresponding TDN Gag-derivative after transiection of
H1299 cells with the newly formed constructs pc-CMV-
TDsyngagd?2, pc-LTR-TDsyngagd?2, pc-CMV-UTR-TDwt-
gagd2-RRE and pc-LTR-UTR-TDwtgagd2-RRE (schematic
survey, see FIG. 1) could not be detected, since the modifi-
cations influence the affinity of the available gag-specific
antibodies and could not be detected either 1n the western blot
or 1n the p24 ELISA specific signals.

As described 1n Example 3, H1299 cells were transfected
with combinations of HX10 (15 ug) and TDsyngagd2 or
pcDNA3.1 (1n each case 30 ug plasmid DNA) to check the
TDN ettect, and the supernatants were evaluated 1n the p24
ELISA test as described 1n Example 3, and by means of the
MAGI cells as described 1n Example 4. An inhibition of the
particle release (results of the p24 ELISA evaluation, FIG.
5A, at least 6 independent batches) and the infectivity of
descendant viruses (results of the MAGI evaluation, FIG. 5B,
two mdependent batches) was found for all used constructs.
The order of the inhibitory effect (particle release) 1s 1n this
case pc-CMV-TDsyngagd?2 (98.45%) >pc-LTR-TDsyngag?
(97.49%) >pc-CMV-UTR-TDwtgagd2-RRE (80.99%) >pc-

10

15

20

25

30

35

40

45

50

55

60

65

16

LTR-UTR-TDwtgagd2-RRE (73.69%) and thus corresponds
substantially to the results of the TDgag experiments. Here
the synthetic reading frames are also obviously superior as
regards the inhibition of the particle release. The reduction of
infectious descendant viruses was however comparable 1n
this experimental batch (FIG. 5B). The combination LTR
with synthetic reading frame showed clear advantages 1 a
direct comparison of the Rev dependence to the Tat depen-
dence.

TABLE 1
Emploved oligonucleotide.
SEQ ID
Identification Sequence 5'-3' NO .
Dell TAAAGCTTCCTTGGETGETC 5
Del2 TTCAGCCCAGAAGTAATACC 6
Del3 TACAAGACCCTGCGCGCCGAGCAGG 7
CC
Del4d CTCCCTCATCTGGCCGGEEGECGATG 8
GG
Delb TTCTCTCATCTGGCCTGGTGCAATA S
GG
Delo TATAARAACTCTAAGAGCCGAGCAAG 10
CT
Gag-stopl GGAAGGCCAGATCTTCCCTCATTAA 11
TTAGCCTGTCTCTCAGTAC
Gag-stopz GTACTGAGAGACAGGCTAATTAATG 12
AGGGAAGATCTGCCTTCC
Itrl ATTGTCGACACGCGETTGGCAAGGGCT 13
AATTCACTCC
Itr2 ATTGAATTCCTCTCTCCTTCTAGCC 14
TC
Itr3 GCTTGCCCATACTATATG 15
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<222> LOCATION: (16)..{1125)

<223>

synthetic amino acid sequence of TDsyhgag
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OTHER INFORMATION: Nucleic acid molecule which encodes completely
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Met Gly Ala Arg Ala Ser Val Leu Ser Gly Gly Glu

1 5

10

ctyg
Leu

cat

gcc
Ala
45

ctyg
Leu

agc
Ser

gagy
Glu

atg
Met

gac
AsSp

aag
Lys
30

gtg
Val

ggc
Gly

ctyg
Leu

atc
ITle

CtcC
Phe

agy
ATrg

15

ctyg
Leu

aac
Agn

cag
Gln

tac
Tyr

aag
Lys
o5

agc
Ser

tgg
Trp

aag
Lys

CCC
Pro

ctg
Leu

aacC

Agn
80

gac
ASP

gcc
Ala

gayd
Glu

cac
His

gyc
Gly

cag
Gln
65

acgc
Thr

acc
Thr

ctg
Leu

aag
Lys

atc
Tle

ctg
Leu
50

cCcC
Pro

gtg
Val

aag
Lys

agc
Ser

atc
Tle

gtg
Val
35

ctg
Leu

agc
Ser

gcc
Ala

gagd
Glu

gay
Glu

ayy
Arg

20

tgg
Trp

gay
Glu

ctyg
Leu

acc
Thr

gcc
Ala
100

gga
Gly

ctyg
Leu

gcc
2la

acgc
Thr

cag
Gln

ctyg
Leu
85

ctyg
Leu

gcc
2la

ayy
Arg

agce
Ser

agc
Ser

acgc
Thr
70

tac

ct¢e
Phe

acc
Thr

'olels
Pro

agd
ATrg

gagd
Glu
55

ggc
Gly

tgc
Cys

agc
Ser

cCC
Pro

gyc
Gly

gay
Glu
40

ggc
Gly

agc
Ser

gtg
Val

cCcC
Pro

cag
Gln

gyc
Gly

25

ctg
Leu

tgc
Cys

gay
Glu

cac
His

gay
Glu
105

gac
ASDP

aag
Lys

gag
Glu

agd
Arg

gay
Glu

cag
Gln
90

gtg
Val

ctyg
Leu

aag
Lys

ag9y
ATrg

cag
Gln

ctyg
Leu
75

aygy
ATrg

atc
Ile

aac
Agn

aag
Lys

ct¢e
Phe

atc
Tle
60

adgy
Arg

atc
ITle

cCcC
Pro

acc
Thr

99

147

195

243

291

339

387



atg
Met
125

gay
Glu

cac
His

gac
ASP

acc
Thr

atc
Tle
205

ctyg
Leu

agd
Arg

aac
Agn

aag

atg
Met
285

ctyg
Leu

cag
Gln

tgc

aag
Lys

acc
Thr
265

<210>
<211>
«212>
<213>
<220>
<223>

110

ctyg
Leu

acg
Thr

gcc
2la

atc
Ile

aac
Agn
190

ctg
Leu

gat
ASpP

| e
Phe

tgg
Trp

acc
Thr
270

acc
Thr

gcc
2la

agy
Arg

ggc
Gly

gyc
Gly

350

gay
Glu

aac
Agsn

atc
Tle

gyc
Gly

gcc
Ala
175

aac
Agsn

gyc
Gly

atc
Tle

tac

atg
Met
255

atc
Ile

gcc
Ala

gay
Glu

ggc<
Gly

aag
Lys
335

tgc
Cys

agy
ATrg

acg
Thr

aac
ASn

cQc
Pro
160

gyc
Gly

coc
Pro

ctg
Leu

ag9y
ATrg

aag
Lys
240

acgc
Thr

ctg
Leu

tgc
Cys

gcc
Ala

aac

Agn
320

gay
Glu

tgg
Trp

cag
Gln

PRT

<400> SEQUENCE:

gtg
Val

gagd
Glu
145

atc
Tle

acc
Thr

‘ofels
Pro

aac
ASn

cag
Gln
225

acgc
Thr

gay
Glu

aag

cag
Gln

atg
Met
305

Ct¢
Phe

ggc<
Gly

aag
Lys

gcc
Ala

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Completely synthetic proteiln

370

2

ggc
Gly

130

gay
Glu

gcc
Ala

acc
Thr

atc
ITle

aag
Lys
210

ggc<
Gly

ctyg
Leu

acgc
Thr

gcc
Ala

ggc
Gly

290

agc
Ser

ag9y
ATrg

cac
His

tgc
Cys

aac
Asn
370

21

115

ggc
Gly

gcc
Ala

cCc
Pro

agc
Ser

cocc
Pro
195

atc
Tle

cCcC
Pro

cgcC
Arg

ctyg
Leu

ctyg
Leu
275

gtg
Val

cag
Gln

aac
Agn

acgc
Thr

ggc
Gly

355

cac
His

gcc
Ala

gyc
Gly

acc
Thr
180

gtg
Val

gtg
Val

add

gcc
Ala

ctyg
Leu
260

gya
Gly

gyc
Gly

gtg
Val

cag
Gln

gcc
Ala
240

aag
Lys

cag
Gln

gay
Glu

cag
Gln
165

ctg
Leu

gyc
Gly

agd9y
ATrg

gag
Glu

gagyd
Glu
245

gtg
Val

coc
Pro

gyc
Gly

acc
Thr

aggy
Arg

325

adg

gay
Glu

gcc
2la

tgg
Trp

150

atg
Met

cag
Gln

gaa
Glu

atg
Met

cCc
Pro
230

cag
Gln

cag
Gln

gcc
2la

coc
Pro

aac

Agn
210

aag
Lys

aac
Agn

gyc
Gly

gcc
Ala
135

gac
ASpP

ag9y
Arg

gay
Glu

atc
Ile

tac
Tyr
215

CtcC
Phe

gcc
Ala

aac
ASnh

gcc
Ala

gyc
Gly

295

ace
Thr

atg
Met

cac
His

taatagtccg gactcgag

-continued

120

atg
Met

ag9
ATrg

gay
Glu

cag
Gln

tac
Tvyr
200

agc
Ser

ag9y
AYg

agc
Ser

gcc
Ala

acgc
Thr
280

cac
His

gcc
Ala

gtg
Val

CcgcC
ATrg

cag
Gln
260

cag
Gln

gtg
Val

cCC
Pro

atc
Ile
185

aag

cocC
Pro

gac
Asp

cag
Gln

aac
Agn

265
ctyg

Leu

aag

acc
Thr

aag

gcc
Ala
345

atg
Met

atg
Met

cac
His

cgc
Arg
170

gyc
Gly

agy
ATg

acc
Thr

tac

gagd
Glu
250

cocC
Pro

gay
Glu

gcc
Ala

atc
Tle

tgc
Cys
330

cCcC
Pro

aag
Lys

ctg
Leu

cCc
Pro
155

gyc
Gly

tgg
Trp

tgg
Trp

agc
Ser

gtg
Val
235

gtg
Val

gac
ASP

gay
Glu

ag9y
Arg

atg
Met
215

ct¢e
Phe

agg9
Arg

gac
ASP
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aag
Lys
140

gtg
Val

agc
Ser

atg
Met

atc
Ile

atc
Tle
220

gac
ASDP

aag
Lys

tgc
Cys

atg
Met

gtg
Val
200

atg
Met

aac
Agn

aag
Lys

tgc
Cys

Met Gly Ala Arg Ala Ser Val Leu Ser Gly Gly Glu Leu Asp Arg Trp

1

5

10

15

Glu Lys Ile Arg Leu Arg Pro Gly Gly Lys Lys Lys Tyr Lys Leu Lys

435

483

531

5795

627

675

723

771

8195

8677

515

963

1011

10595

1107

1143

22



Higs

Gly

Gln

65

Thr

Thr

Leu

Val

Glu

145

ITle

Thr

Pro

AsSn

Gln
225
Thr

Glu

Gln
Met
205

Phe

Gly

Ala

<210>
<211>
<212 >
<213>
<220>
<223 >

<221>
<222 >

<400>

Ile
Leu
50

Pro

Val

Ser

Gly

130

Glu

ala

Thr

Tle

Lys

210

Gly

Leu

Thr

2la

Gly

290

Ser

Arg

Hig

Agn
370

Val

35

Leu

Ser

2la

Glu

Glu

115

Gly

Ala

Pro

Ser

Pro

195

Ile

Pro

ATrg

Leu

Leu

275

Val

Gln

Agn

Thr

Gly
355

20

Trp

Glu

Leu

Thr

Ala

100

Gly

His

Ala

Gly

Thr

180

Val

Val

Ala

Leu

260

Gly

Gly

Val

Gln

Ala
240

Ala

Thr

Gln

Leu

85

Leu

Ala

Gln

Glu

Gln

165

Leu

Gly

ATy

Glu

Glu

245

Val

Pro

Gly

Thr

Arg

325

ATy

Glu

SEQ ID NO 3
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Nucleotide molecule which encodeg a

1113

Ser

Ser

Thr

70

Phe

Thr

Ala

Trp

150

Met

Gln

Glu

Met

Pro

230

Gln

Gln

Ala

Pro

Agn

310

AsSn

Gly

23

Arg
Glu
55

Gly

Ser
Pro
Ala
135
AsSp
Arg
Glu
Tle
Tvr
215
Phe
Ala
Asnh
Ala
Gly
295

Thr

Met

Hisg

Glu

40

Gly

Ser

Val

Pro

Gln

120

Met

ATrg

Glu

Gln

Tyr

200

Ser

ATrg

Ser

Ala

Thr

280

Hig

Ala

Val

ATy

Gln
260

25

Leu

Glu

His

Glu

105

ASP

Gln

Val

Pro

Tle
185

Pro

ASDP

Gln

AgSh

265

Leu

Thr

Ala
245

Met

completely synthetic proteiln

SEQUENCE :

NAME/KEY: CDS
LOCATION:

(1) ..{(1113)

3

Glu

Glu

Gln

50

Val

Leu

Met

His

Arg

170

Gly

Arg

Thr

Glu
250

Pro

Glu

ala

Tle

Cys

330

Pro

AYg

Gln

Leu

75

Arg

Tle

Agnh

Leu

Pro

155

Gly

Trp

Trp

Ser

Val

235

Val

ASpP

Glu

AYg

Met

315

Phe

AYg

ASp

-continued

Phe

Tle
60

AYg

Tle

Pro

Thr

Lys

140

Val

Ser

Met

Tle

ITle

220

ASpP

Met
Val
200

Met

AsSn

Ala

45

Leu

Ser

Glu

Met

Met

125

Glu

His

Asp

Thr

Tle

205

Leu

Arg

Asn

Met
285

Leu

Gln

Lys

Thr
365

30

Val

Gly

Leu

Tle

Phe

110

Leu

Thr

Ala

Ile

Agn

120

Leu

ASP

Phe

Trp

Thr

270

Thr

Ala

ATrg

Gly

Gly

350

Glu

Agn

Gln

Lys

55

Ser

Agn

Tle

Gly

ala

175

Agn

Gly

Ile

Met

255

Tle

2la

Glu

Gly

Lys

335

Arg
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Pro

Leu

Agn

80

ASp

Ala

Thr

Agh

Pro

160

Gly

Pro

Leu

ATrg

Lys

240

Thr

Leu

Ala

Agn

320

Glu

Trp

Gln

24



atg
Met

gaa
Glu

cat
His

ggc
Gly

caa
Gln
65

aca
Thr

acgc
Thr

tta
Leu

gtg
Val

gay
Glu
145

att
Tle

act
Thr

cct
Pxro

aat
ASn

caa
Gln
225

act
Thr

gaa
Glu

ddd

cag
Gln

atg
Met
305

ggt
Gly

aaa
Lys

ata
Tle

ctyg
Leu
50

cCca
Pro

gta
Val

aag
Lys

tca
Ser

994
Gly

130

gaa
Glu

gca
2la

act
Thr

atc
Ile

aaa
Lys
210

gya
Gly

cta
Leu

acc
Thr

gca
ala

gya
Gly

290

agc
Ser

gcd
Ala

atct
Tle

gta
Val
35

tta
Leu

tcc
Ser

gca
Ala

gaa
Glu

gaa
Glu
115

g4ya
Gly

gct
Ala

cCca
Pro

agt
Ser

cca
Pro
195

ata
Ile

cca
Pro

aga
Arg

ttg
Leu

ttg
Leu
275

gta
Val

caa
Gln

aga
AT

c99Y
ATg

20

tgg
Trp

gaa
Glu

ctt
Leu

acc
Thr

gct
Ala
100

gya
Gly

cat
His

gca
Ala

gyc
Gly

acgc
Thr
180

gta
Val

gta
Val

dadaad

gcc
Ala

ttg
Leu
260

gga
Gly

gya
Gly

gta
Val

gcd
Ala

tta
Leu

gca
Ala

aca
Thr

cag
Gln

ct¢
Leu
85

tta
Leu

gcc
Ala

caa
Gln

gaa
Glu

cag
Gln
165

ctt
Leu

gga
Gly

aga
Arg

gaa
Glu

gay
Glu
245

gtc
Val

cCca
Pro

gga
Gly

aca
Thr

tca
Ser

ayy
ATg

agc
Ser

tca
Ser

aca
Thr
70

tat

Ctce
Phe

acc
Thr

gca
Ala

tgg
Trp

150

atg
Met

cag
Gln

gaa
Glu

atg
Met

cct

Pro
230

caa
Gln

caa
Gln

gy
Ala

cCcC
Pro

aat

Agn
3210

25

gta
Val

cCa
Pro

ayy
Arg

gaa
Glu
55

gga
Gly

tgt

agc
Ser

cCa
Pro

gcc
Ala
135

gat
AsSp

aga
Arg

gaa
Glu

att
ITle

tat
Tvyr
215

CttC
Phe

gct
bAla

aat
Agnh

gct
Ala

ggc
Gly

295

aca
Thr

tta
Leu

9499
Gly

gad
Glu
40

gg¢<
Gly

tca
Ser

gtg
Val

cca
Pro

caa
Gln
120

atg
Met

aga
ATrg

gaa
Glu

caa
Gln

tat
Tyr
200

agc
Ser

aga
ATrg

tca
Ser

gcyd
2la

aca
Thr
280

cat
His

gct
Ala

agc
Ser

gya
Gly

25

cta
Leu

tgt
Cys

gaa
Glu

cat
His

gaa
Glu
105

gat

ASP

caa
Gln

gta
Val

cca
Pro

ata
Tle
185

dad

cct
Pro

gac
ASDP

cag
Gln

aac

AgSh
265

cta
Leu

aag

acc
Thr

999
Gly

10

aag
Lys

gaa
Glu

aga
Arg

gaa
Glu

caa
Gln
90

gta
Val

tta
Leu

atg
Met

cat
His

ag9g
Arg

170

gdga
Gly

aga
Arg

acc
Thr

cat

gay
Glu
250

cca
Pro

gaa
Glu

gca
2la

ata
Tle

gya
Gly

aad

cga
Arg

caa
Gln

ctt
Leu
75

a9y
ATy

ata
Ile

aac
ASn

tta
Leu

cCa
Pro
155

gg4a
Gly

Trp

tgg
Trp

agc
Ser

gta
Val
235

gta
Val

gat
ASpP

gaa
Glu

aga
ATYg

atg
Met
315

-continued

gaa
Glu

adad

CtcC
Phe

ata
Tle
60

aga
ATrg

ata
Tle

cCC
Pro

acc
Thr

aaa
Lys
140

gtg
Val

agt
Ser

atg
Met

ata
ITle

attc
Ile
220

gac

ASpP

ada

atg
Met

gtt
Val
200

atg
Met

tta
Leu

tat
Tyr

gca
Ala
45

ctyg
Leu

tca
Ser

gay
Glu

atg
Met

atg
Met
125

gayd
Glu

cat
His

gac
Asp

aca
Thr

atc
Ile
205

ctyg
Leu

cYy9
Arg

aat
Asn

aag

atg
Met
2865

tty

Leu

cag
Gln

gat
ASP

aaa
Lys
30

gtt
Val

g4
Gly

tta
Leu

ata
Tle

CCct
Phe
110

cta
Leu

acc
Thr

gca
Ala

ata
Tle

aat
ASnhn
190

ctg
Leu

gac
ASP

CLCcC
Phe

tgg
Trp

act
Thr
270

aca
Thr

gct
Ala

aga
ATrg

cga
ATy
15

tta
Leu

aat
Agnh

cag
Gln

tat

aaa
Lys
S5

tca
Ser

aac
Agn

atc
Tle

999
Gly

gca
2la
175

aat
AgSh

gya
Gly

ata
Ile

cat

atg
Met
255

att

Tle

gca
ala

gaa
Glu

gyc
Gly

US 8,691,533 B2

tgg
Trp

adad

cct
Pro

cta
Leu

aat
ASn
80

gac
ASp

gca
Ala

aca
Thr

aat
Agn

cCct
Pro
160

g9ga
Gly

cca
Pro

tta
Leu

aga
ATrg

aaa
Lys
240

aca
Thr

tta
Leu

tgt

gca
2la

aat

Agn
320

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

560

26



CtC
Phe

999
Gly

adaad

gct
Ala

<210>
<211>
<212>
<213>
<220>
<223 >

ag9y
ATy

cac
His

tgt
Cys

aat
Agn
370

aac
ASn

aca
Thr

g4ya
Gly

355

taa

caa
Gln

gcc
Ala
240

aag
Lys

PRT

<400> SEQUENCE:

Met Gly Ala Arg

1

Glu

His

Gly

Gln

65

Thr

Thr

Leu

Val

Glu

145

Tle

Thr

Pro

ASh

Gln
225

Thr

Glu

Lys

Tle

Leu

50

Pro

Val

Ser

Gly

130

Glu

Ala

Thr

Ile

Lys

210

Gly

Leu

Thr

2la

Ile

Val

35

Leu

Ser

Ala

Glu

Glu

115

Gly

Ala

Pro

Ser

Pro

195

Tle

Pro

ATg

Leu

Leu
275

ATg

20

Trp

Glu

Leu

Thr

Ala

100

Gly

His

Ala

Gly

Thr

180

Val

Val

Ala

Leu
260

Gly

aga
ATy
325

aga

gaa
Glu

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Completely

370

4

Ala

5

Leu

Ala

Thr

Gln

Leu

85

Leu

Ala

Gln

Glu

Gln

165

Leu

Gly

Glu
Glu
245

Vval

Pro

aag
Lys

aat
ASnh

gga
Gly

Ser

ATg

Ser

Ser

Thr

70

Phe

Thr

Ala

Trp

150

Met

Gln

Glu

Met

Pro

230

Gln

Gln

Ala

27

atg
Met

tgc

cac
His

Val

Pro

Arg

Glu

55

Gly

Ser

Pro

bAla

135

Asp

Arg

Glu

Ile

Tyr

215

Phe

Ala

Asn

bAla

gtt
Val

agy
ATy

caa
Gln
260

Leu

Gly

Glu

40

Gly

Ser

Val

Pro

Gln

120

Met

ATy

Glu

Gln

Tyr

200

Ser

ATrg

Ser

Ala

Thr
280

aag
Lys

gcc
Ala
245

atg
Met

Ser
Gly
25

Leu

Glu

His

Glu

105

ASP

Gln

Val

Pro

Tle

185

Pro

ASP

Gln

Agn
265

Leu

tgt
Cys
330

cct
Pro

adaad

CLCC
Phe

agy
ATrg

gat
ASpP

-continued

aat
ASnh

adad

tgt
Cys

aag
Lys

act
Thr
365

gyc
Gly

gyc
Gly

350

gay
Glu

synthetic sequence

Gly
10

Glu

Glu

Gln

50

Val

Leu

Met

His

Arg

170

Gly

Arg

Thr

Glu
250

Pro

Glu

Gly

Arg

Gln

Leu

75

Arg

ITle

Agnh

Leu

Pro

155

Gly

Trp

Trp

Ser

Val

235

Val

ASp

Glu

Glu

Phe

Tle

60

AYg

Tle

Pro

Thr

Lys

140

Val

Ser

Met

Ile

Tle

220

ASpP

Met

Leu

Tvyr

Ala

45

Leu

Ser

Glu

Met

Met

125

Glu

His

Asp

Thr

Ile

205

Leu

Arg

Asn

Lys

Met
2865

ASP

Lys

30

Val

Gly

Leu

Tle

Phe

110

Leu

Thr

Ala

Tle

Agn

120

Leu

ASP

Phe

Trp

Thr
270

Thr

aaa
Lys
335

tgt

Cys

aga
ATrg

Arg
15
Leu

AgSh

Gln

Lys

55

Ser

Agn

Tle

Gly

Ala

175

Agn

Gly

Tle

Met
255

Tle

2la

US 8,691,533 B2

gaa
Glu

tgg
Trp

cag
Gln

Trp

Pro

Leu

Agn

80

ASp

b2la

Thr

Agn

Pro

160

Gly

Pro

Leu

Lys
240

Thr

Leu

1008

1056

1104

1113

28



29

Gln Gly Val Gly Gly Pro Gly His Lys
290 285
Met Ser Gln Val Thr Asn Thr Ala Thr
305 310
Phe Arg Asn Gln Arg Lys Met Val Lys
325
Gly His Thr Ala Arg Asn Cys Arg Ala
340 345
Lys Cys Gly Lys Glu Gly His Gln Met
355 360
Ala Asn
370
<210> SEQ ID NO 5
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223 >
5*'-3
<220> FEATURE:
<223> OTHER INFORMATION: DEL1
<400> SEQUENCE: 5

taaagcttcc ttggtgtce

<210>
<211>
<212 >
<213>
220>
<223 >

<220>
<223 >

5% -3

FEATURE:
OTHER INFORMATION: Del2

<400> SEQUENCE:

20

SEQ ID NO o
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Desgscription of the artificial sequence:

6

ttcagcccag aagtaatacc

<210>
<«211>
«212>
<213>
«220>
<223 >

<220>
<223 >

<400>

5%'-3

FEATURE:
OTHER INFORMATION: Del3

SEQUENCE :

277

SEQ ID NO 7
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Desgcription of the artificial sequence:

v

tacaagaccc tgcgcgcocga gcaggcoc

<210>
<211>
«212>
<213>
«220>
<223>

<220>
<223 >

<400>

51'-3

FEATURE:
OTHER INFORMATION: Del4

SEQUENCE :

277

SEQ ID NO 8
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Description of the artificial sequence:

8

ctcecectcate tggcececggggagg cgatggyg

Ala Arg

Ile Met
215

Cys Phe
330

Pro Arg

Lys Asp

-continued

Val Leu Ala

300

Met

Agnh

Gln

Lys

Thr
365

ATg

Gly

Gly

350

Glu

Glu

Gly

Lys

335

ATrg

US 8,691,533 B2

Ala

Agn

320

Glu

Trp

Gln

OTHER INFORMATION: Desgcription of the artificial sequence:

primer

18

primer

20

primer

277

primer

277

30



<210>
<«211>
<212>
<213>
<220>
<223 >

<220>
<223 >

<400>

US 8,691,533 B2
31

-continued

SEQ ID NO 9

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Desgcription of the artificial sequence:

5" -3
FEATURE:
OTHER INFORMATION: Delb

SEQUENCE: 9

ttctctcate tggecctggtg caatagg

<210>
<211>
«212>
<213>
«220>
<223 >

<220>
<223 >

<400>

SEQ ID NO 10

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Desgscription of the artificial sequence:

5%'-3
FEATURE:
OTHER INFORMATION: Deléb

SEQUENCE: 10

tataaaactc taagagccga gcaagcet

<210>
<211>
«212>
<213>
«220>
<223>

<220>
<223 >

<400>

SEQ ID NO 11

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Description of the artificial sequence:

51'-3
FEATURE:
OTHER INFORMATION: Gag-stopl

SEQUENCE: 11

ggaaggccag atcttccecctce attaattage ctgtctctca gtac

<210>
<211>
<212>
<213>
<220>
<223>

220>
<223 >

<400>

SEQ ID NO 12

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Description of the artificial sequence:

5%'-3
FEATURE:
OTHER INFORMATION: Gag-stop2z

SEQUENCE: 12

gtactgagag acaggctaat taatgaggga agatctggcc ttcc

<210>
<211>
<212 >
<213>
<220>
<223 >

«220>
<223 >

<400>

SEQ ID NO 13

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Description of the artificial sequence:

5'-3
FEATURE:
OTHER INFORMATION: ltrl

SEQUENCE: 13

attgtcgaca cgcgttggaa gggctaattc actcc

<210>
<211>
<212 >

<213>
<220>

SEQ ID NO 14
LENGTH: 27
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

primer

277

primer

277

primer

14

primer

44

primer

35

32



<223>

<220>
<223 >

<400>

5%'-3

FEATURE:
OTHER INFORMATION:

SEQUENCE :

14

33

ltxr2

attgaattcc tCLCctccttcec tagcectc

<210>
<211>
<«212>
<213>
<«220>
<223>

«220>
<223 >

5'-3

FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

18

SEQ ID NO 15
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Description of the artificial sequence: primer

15

gcttgcccat actatatyg

<210>
<211>
<212 >
<213>
<220>
<223 >

«220>
<221>
<222>
<220>
<223 >

SEQ ID NO 16
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Description of the artificial sequence:

900

1tr3

completely synthetic gene

FEATURE:
NAME /KEY: CDS
LOCATION:
FEATURE:

OTHER INFORMATION: Completely

<400> SEQUENCE:

atg
Met
1

gagd
Glu

cac
His

ggc
Gly

cag
Gln
65

acgc
Thr

acc
Thr

ctyg
Leu

gtg
Val

gay
Glu

145

gyc
Gly

aag
Lys

atc
Tle

ctg
Leu
50

cCc
Pro

gtg
Val

aag
Lys

agc
Ser

ggc<
Gly

130

gay
Glu

gcc
Ala

atc
Tle

gtg
Val
35

ctg
Leu

agc
Ser

gcc
Ala

gay
Glu

gad
Glu
115

ggc<
Gly

gcc
Ala

ag9y
ATg

ag9y
ATg

20

tgg
Trp

gay
Glu

ctg
Leu

acc
Thr

gcc
Ala
100

gga
Gly

cac
His

gcc
Ala

(1) ..{(900)

16

gcc
Ala
5

ctyg
Leu

gcc
Ala

acgc
Thr

cag
Gln

ctyg
Leu
85

ctyg
Leu

gcc
2la

cag
Gln

gay
Glu

agc
Ser

ayy
ATrg

agc
Ser

agc
Ser

acgc
Thr
70

tac

CtcC
Phe

acc
Thr

gcc
Ala

tgg
Trp

150

gtg
Val

cCC
Pro

ag9y
Arg

gagy
Glu
55

ggc
Gly

tgc

agc
Ser

cCC
Pro

gcce
Ala
135

gac
Asp

ctyg
Leu

gygc
Gly

gay
Glu
40

gy
Gly

agc
Ser

gtg
Val

cCocC
Pro

cag
Gln
120

atg
Met

ag9g
Arg

agc
Ser

gyc
Gly

25

ctg
Leu

tgc
Cys

gay
Glu

cac
Hisg

gagd
Glu
105

gac
ASP

cag
Gln

gtg
Val

-continued

artificial sequence

gyc
Gly

10

aag
Lys

gag
Glu

ag9g
Arg

gay
Glu

cag
Gln
90

gtyg
Val

ctg
Leu

atg
Met

cac
His

gyc
Gly

aag

adgg
ATrg

cag
Gln

ctg
Leu
75

agy
AYg

atc
Ile

aac
ASn

ctyg
Leu

CCC
Pro

155

gay
Glu

aag

Ct¢
Phe

atc
Tle
60

agd
ATrg

atc
ITle

cCC
Pro

acc
Thr

aag
Lys
140

gtg
Val

ctyg
Leu

cat

gcc
Ala
45

ctyg
Leu

agc
Ser

gay
Glu

atg
Met

atg
Met
125

gag
Glu

cac
His

gac
ASP

aag
Lys
30

gtg
Val

gyc
Gly

ctg
Leu

atc
Ile

CLCcC
Phe
110

ctg
Leu

acc
Thr

gcc
Ala

ag9y
Arg

15
ctyg

Leu

aac
Agn

cag
Gln

tac

aag
Lys
55

agc
Ser

aac
Agn

atc
Tle

gyc
Gly

US 8,691,533 B2

tgg
Trp

aag
Lys

cCccC
Pro

ctg
Leu

aac
ASn
80

gac
ASpP

gcc
2la

acc
Thr

aac
Agn

CcCcC
Pro

160

OTHER INFORMATION: Description of the artificial sequence: primer

27

18

48

96

144

192

240

288

33606

384

432

480

34



atc
Tle

gcce
Ala

aac
ASn

gcc
Ala

ggc
Gly

225

acc
Thr

atg
Met

tgc

cac
His

<210>
<211>
<212 >
<213>
220>
<223 >

gcc
2la

agc
Ser

gcc
Ala

acc
Thr
210

cac
His

gcc
2la

gtg
Val

cgc
Arg

cag
Gln
290

coc
Pro

cag
Gln

aac
Agn
165

ctg
Leu

aag
Lys

acc
Thr

aag
Lys

gcc
Ala
275

atg
Met

g9gc
Gly

gay
Glu
180

cCcc
Pro

gay
Glu

gcc
Ala

atc
Tle

tgc
Cys
260

CcCccC
Pro

aag
Lys

PRT

delta 2

<400> SEQUENCE:

Met Gly Ala Arg

1

Glu

Hig

Gly

Gln

65

Thr

Thr

Leu

Val

Glu

145

Tle

Lys

Tle

Leu
50

Pro

Val

Sexr

Gly
130

Glu

2la

Ile

Val

35

Leu

Ser

Ala

Glu

Glu

115

Gly

Ala

Pro

ATJg

20

Trp

Glu

Leu

Thr

Ala

100

Gly

His

Ala

Gly

cag
Gln
165

gtg
Val

gac
AsSp

gay
Glu

ayy
Arg

atg
Met
245

Ct¢
Phe

adgg
Arg

gac
AsSp

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Completely

300

17

Ala

5

Leu

2la

Thr

Gln

Leu

85

Leu

Ala

Gln

Glu

Gln
165

atg
Met

aag
Lvs

tgc

atg
Met

gtg
Val
230

atyg

Met

aac
Agn

aag

Ser

ATg

Ser

Ser

Thr

70

Phe

Thr

Ala

Trp

150

Met

35

ag9y
Arg

aac
ASn

aag

atg
Met
215

ctyg
Leu

cag
Gln

acgc
Thr
295

Val

Pro

Arg

Glu

55

Gly

Ser

Pro

Ala

135

Asp

Arg

gag
Glu

tgg
Trp

acc
Thr
200

acc
Thr

gcc
2la

ag9y
ATrg

gg¢<
Gly

gy
Gly

280

gay
Glu

Leu

Gly

Glu
40

Gly

Ser

Val

Pro

Gln

120

Met

ATy

Glu

tac

atg
Met
185

atc
Tle

gcc
Ala

gayd
Glu

gyc
Gly

aag
Lys
265

tgc
Cys

agd
Arg

Ser

Gly
25

Leu

Glu

His

Glu

105

ASP

Gln

Val

aag
Lys
170

acc
Thr

ctg
Leu

tgc
Cys

gcc
2la

aac
Agn
250

gag
Glu

tgg
Trp

cag
Gln

ace
Thr

gay
Glu

aag

cag
Gln

atg
Met
235

CLCcC
Phe

ggc
Gly

aag

gcc
Ala

-continued

ctyg
Leu

acc
Thr

gcc
Ala

ggc
Gly

220

agc
Ser

ayy
ATYg

cac
His

tgc

aac
AsSh
200

cgc
Arg

ctyg
Leu

ctyg
Leu
205

gtg
Val

cag
Gln

aac
Agn

acc
Thr

ggc<
Gly

285

gcc
Ala

ctg
Leu
190

gya
Gly

gyc
Gly

gtg
Val

cag
Gln

gcc
Ala
270

aag
Lys

gagd
Glu
175

gtg
Val

cCcc
Pro

gyc
Gly

acc
Thr

ag9y
Arg

255

ag9y
Arg

gay
Glu

US 8,691,533 B2

cag
Gln

cag
Gln

gcc
2la

cCC
Pro

aac
Agn
240

aag
Lys

aac
Agn

ggc
Gly

528

576

624

672

720

768

816

864

500

synthetic protein syquence TDsyngag

Gly

10

Glu

Arg

Glu

Gln

90

Val

Leu

Met

His

Lys
170

Gly

Arg

Gln

Leu

75

Arg

Ile

AgSn

Leu

Pro

155

Thr

Glu

Phe

Tle

60

ATYJ

Tle

Pro

Thr

Lys

140

Val

Leu

Leu

Tvr

Ala

45

Leu

Ser

Glu

Met

Met

125

Glu

His

Arg

ASP

Lys

30

Val

Gly

Leu

Tle

Phe

110

Leu

Thr

Ala

Ala

Arg
15
Leu

Agn

Gln

Lys

55

Ser

AgSh

Tle

Gly

Glu
175

Trp

Pro

Leu

Agn

80

ASp

2la

Thr

Agn

Pro

160

Gln

36



Ala

Agn

Ala

Gly

225

Thr

Met

Hig

<210>
<211>
<212 >
<213>
<220>
<223 >

«220>
<221>
<222>
<220>
<223 >

Sexr

2la

Thr

210

Hisg

2la

Val

Arg

Gln
290

Gln

Agn
195

Leu

Thr

Ala
275

Met

Glu
180

Pro

Glu

Ala

Tle

Cys

260

Pro

Val

Asp

Glu

Met
245

Phe

AsSp

SEQ ID NO 18
LENGTH :
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Desgcription of

900

Met

Val

230

Met

AsSn

37

Agnh

Met
215

Leu

Gln

Thr
295

Trp

Thr
200

Thr

2la

Arg

Gly

Gly

280

Glu

completely synthetic gene

FEATURE:
NAME/KEY: CDS
LOCATION:
FEATURE:

OTHER INFORMATION: TDsyngag delta

<400> SEQUENCE:

atg
Met
1

gagd
Glu

cac
His

ggc
Gly

cag
Gln
65

acgc
Thr

acc
Thr

ctyg
Leu

gtg
Val

gay
Glu

145

gyc
Gly

aag
Lys

atc
Tle

ctg
Leu
50

cCc
Pro

gtg
Val

aag
Lys

agc
Ser

ggc<
Gly

130

gay
Glu

gcc
Ala

atc
Tle

gtg
Val
35

ctg
Leu

agc
Ser

gcc
Ala

gay
Glu

gad
Glu
115

ggc<
Gly

gcc
Ala

ag9y
ATg

ag9y
ATg

20

tgg
Trp

gay
Glu

ctg
Leu

acc
Thr

gcc
Ala
100

gga
Gly

cac
His

gcc
Ala

(1) ..{(900)

18

gcc
Ala
5

ctyg
Leu

gcc
Ala

acgc
Thr

cag
Gln

ctyg
Leu
85

ctyg
Leu

gcc
2la

cag
Gln

gay
Glu

agc
Ser

ayy
ATrg

agc
Ser

agc
Ser

acgc
Thr
70

tac

CtcC
Phe

acc
Thr

gcc
Ala

tgg
Trp

150

gtg
Val

cCC
Pro

ag9y
Arg

gagy
Glu
55

ggc
Gly

tgc

agc
Ser

cCC
Pro

gcce
Ala
135

gac
Asp

ctyg
Leu

gygc
Gly

gay
Glu
40

gy
Gly

agc
Ser

gtg
Val

cCocC
Pro

cag
Gln
120

atg
Met

ag9g
Arg

Met
185

Tle

Ala

Glu

Gly

Lys
265

Cys

ATrg

agc
Ser

gyc
Gly

25

ctg
Leu

tgc
Cys

gay
Glu

cac
Hisg

gagd
Glu
105

gac
ASP

cag
Gln

gtg
Val

Thr

Leu

Ala
Agn
250

Glu

Trp

Gln

gyc
Gly

10

aag
Lys

gag
Glu

ag9g
Arg

gay
Glu

cag
Gln
90

gtyg
Val

ctg
Leu

atg
Met

cac
His

Glu

Gln
Met
235

Phe

Gly

Ala

the artificial sequence:

-continued

Thr Leu Leu Val

Ala

Gly

220

Serx

ATYg

His

AsSn
200

2 delta

gyc
Gly

aag

adgg
ATrg

cag
Gln

ctg
Leu
75

agy
AYg

atc
Ile

aac
ASn

ctyg
Leu

CCC
Pro

155

gay
Glu

aag

Ct¢
Phe

atc
Tle
60

agd
ATrg

atc
ITle

cCC
Pro

acc
Thr

aag
Lys
140

gtg
Val

Leu
205

Val

Gln

AsSn

Thr

Gly
285

ctyg
Leu

cat

gcc
Ala
45

ctyg
Leu

agc
Ser

gay
Glu

atg
Met

atg
Met
125

gag
Glu

cac
His

120

Gly

Gly

Val

Gln

Ala
270

gac
ASP

aag
Lys
30

gtg
Val

gyc
Gly

ctg
Leu

atc
Ile

CLCcC
Phe
110

ctg
Leu

acc
Thr

gcc
Ala

Pro

Gly

Thr

Arg
255

ATrg

Glu

ag9y
Arg

15
ctyg

Leu

aac
Agn

cag
Gln

tac

aag
Lys
55

agc
Ser

aac
Agn

atc
Tle

gyc
Gly

US 8,691,533 B2

Gln

Ala

Pro

ASn
240

Agn

Gly

tgg
Trp

aag
Lys

cCccC
Pro

ctg
Leu

aac
ASn
80

gac
ASpP

gcc
2la

acc
Thr

aac
Agn

CcCcC
Pro

160

48

96

144

192

240

288

33606

384

432

480

38



atc
Tle

gcce
Ala

aac
ASn

gcc
Ala

ggc
Gly

225

acc
Thr

atg
Met

tgc

cac
His

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

gcc
2la

agc
Ser

gcc
Ala

acc
Thr
210

cac
His

gcc
2la

gtg
Val

cgc
Arg

cag
Gln
290

coc
Pro

cag
Gln

aac
Agn
165

ctg
Leu

aag
Lys

acc
Thr

aag
Lys

gcc
Ala
275

atg
Met

g9gc
Gly

gay
Glu
180

cCcc
Pro

gay
Glu

gcc
Ala

atc
Tle

tgc
Cys
260

CcCccC
Pro

aag
Lys

PRT

SEQUENCE :

Met Gly Ala Arg

1

Glu

Hig

Gly

Gln

65

Thr

Thr

Leu

Val

Glu

145

Ile

Ala

Lys

Ile

Leu

50

Pro

Val

Ser
Gly
130

Glu

2la

Ser

Tle

Val

35

Leu

Ser

Ala

Glu

Glu

115

Gly

Ala

Pro

Gln

ATrg

20

Trp

Glu

Leu

Thr

Ala

100

Gly

Hig

Ala

Gly

Glu

cag
Gln
165

gtg
Val

gac
AsSp

gay
Glu

ayy
Arg

atg
Met
245

Ct¢
Phe

adgg
Arg

gac
AsSp

SEQ ID NO 19
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: TDsyngag delta

300

19

Ala

5

Leu

Ala

Thr

Gln

Leu

85

Leu

2la

Gln

Glu

Gln
165

Vval

atg
Met

aag
Lvs

tgc

atg
Met

gtg
Val
230

atyg

Met

aac
Agn

aag

Ser

ATrg

Ser

Ser

Thr

70

Phe

Thr

Ala

Trp

150

Met

39

ag9y
Arg

aac
ASn

aag

atg
Met
215

ctyg

Leu

cag
Gln

acgc
Thr
295

Val

Pro

Arg

Glu

55

Gly

Ser

Pro

Ala

135

AsSp

Arg

ASn

gag
Glu

tgg
Trp

acc
Thr
200

acc
Thr

gcc
2la

ag9y
ATrg

gg¢<
Gly

gy
Gly

280

gay
Glu

Leu

Gly

Glu

40

Gly

Ser

Val

Pro

Gln

120

Met

ATrg

Glu

Trp

tac

atg
Met
185

atc
Tle

gcc
Ala

gayd
Glu

gyc
Gly

aag
Lys
265

tgc
Cys

agd
Arg

Ser
Gly
25

Leu

Glu

Hig

Glu

105

ASP

Gln

Val

Met

aag
Lys
170

acc
Thr

ctg
Leu

tgc
Cys

gcc
2la

aac
Agn
250

gag
Glu

tgg
Trp

cag
Gln

Gly
10

Glu

Glu

Gln

50

Val

Leu

Met

His

Lys

170

Thr

ace
Thr

gay
Glu

aag

cag
Gln

atg
Met
235

CLCcC
Phe

ggc
Gly

aag

gcc
Ala

-continued

ctyg
Leu

acc
Thr

gcc
Ala

ggc
Gly

220

agc
Ser

ayy
ATYg

cac
His

tgc

aac
AsSh
200

2 delta

Gly

ATYg

Gln

Leu

75

AYg

Tle

Agn

Leu

Pro

155

Thr

Glu

Glu

Phe

Tle

60

AYg

ITle

Pro

Thr

Lys

140

Val

Leu

Thr

cgc
Arg

ctyg
Leu

ctyg
Leu
205

gtg
Val

cag
Gln

aac
Agn

acc
Thr

ggc<
Gly

285

Leu

Ala

45

Leu

Ser

Glu

Met

Met

125

Glu

His

Arg

Leu

gcc
Ala

ctg
Leu
190

gya
Gly

gyc
Gly

gtg
Val

cag
Gln

gcc
Ala
270

aag
Lys

ASP

Lys

30

Val

Gly

Leu

Ile

Phe

110

Leu

Thr

Ala

Ala

Leu

gagd
Glu
175

gtg
Val

cCcc
Pro

gyc
Gly

acc
Thr

ag9y
Arg

255

ag9y
Arg

gay
Glu

Arg
15

Leu

Agn

Gln

Lys
55

Ser

Agn

Ile

Gly

Glu
175

Val

US 8,691,533 B2

cag
Gln

cag
Gln

gcc
2la

cCC
Pro

aac
Agn
240

aag

Lys

aac
Agn

ggc
Gly

Trp

Pro

Leu

Agn

80

ASpP

Ala

Thr

Agn

Pro

160

Gln

Gln

528

576

624

672

720

768

816

864

500

40



AsSn

Ala

ala

Thr

Agn
195

Leu

180

Pro

Glu

AsSp

Glu Met Met

Thr
200

Thr

185

Ile

Ala

Leu

Gln

-continued

Ala

Gly

Leu
205

Val

210 215 220

Val Leu Ala Glu Ala Gln

230

Met Ser

235

Gly His

225

Ala Arg

Thr Ala Thr Ile Met Met Phe Asn

245

Gln Arg Gly Asn

250

ATrg

Met

Val

Arg

Ala
275

Cys
260

Pro

Phe Asn

Lys

Gly

Gly
280

Lys
265

Cys

Glu

Trp

Gly

Hig

Thr

Gly
285

Thr Gln Ala

295

Gln
290

AsSnh
200

His Met ASp Glu Arg

The invention claimed 1s:
1. An expression vector comprising;
(a) a target nucleic acid molecule comprising the nucle-

otide sequence of SEQ ID NO: 1, 16 or 18 that codes for

a Trans-Dominant Negative (TDN) lentivirus protein;
and

(b) a promoter sequence inducible by a lentivirus Tat pro-
tein wherein the promoter sequence 1s 1n operative link-
age with the target nucleic acid molecule,

wherein the codon usage of the nucleic acid molecule
according to (a) 1s matched to that of a mammal such that
the TDN lentivirus protein 1s expressed at an early phase

190

Gly

Gly

Val

Gln

Ala
270

25

30

Pro

Gly

US 8,691,533 B2

Ala

Pro

42

Thr Agn

240

Arg
255

Arg

Glu

Agn

Gly

of HIV infection before expression of HIV structural

proteins.
2. The expression vector of claim 1, wherein the promoter

sequence 1s a lentiviral LTR sequence or a functional partial
sequence thereof.

3. A cell transformed or transiected with the expression
vector of claim 1.

4. A medicament comprising the expression vector of
claim 1 and a pharmaceutically acceptable carrier.

5. A medicament comprising the cell of claam 3 and a
pharmaceutically acceptable carrier.
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